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Friendly Foe
When a new air defense missile is produced, its "kill

accuracy*' is theoretical until it is tested against a

realistic target under operational conditions. The new,

supersonic missile target, USAF XQ-4, is one of many
"friendly foes" developed by Radioplane to simulate

various air enemy threats.

Duplicating the performance and radar appearance of a

supersonic, high-altitude bomber, the radar-controlled

XQ-4 is designed to test the seek-and-kill ability of air

defense systems and their missiles.

As major advancements have been made in U. S. Armed
Forces air defense weapon systems, Radioplane has

designed and developed targets compatible with the

missions of these weapons. The XQ-4, for example, not

only imitates invading bombers, but tallies up the score

of hits and misses when fired upon.

Radioplane, the first to produce remotely controlled

target aircraft, maintains dynamic research programs to

seek low-cost solutions for tomorrow's defense problems.

Northrop Aircraft, Inc.

VAN NUTS, CALIFORNIA, AND EL PASO, TEXAS



No other missile test

lab can do all the

things we can do

Take our 100-foot test tower. With it we can

simulate the pressure and aerodynamic loadings

that occur during the actual launching and flight

of a missile.

This is just one of the many specialized facil-

ities and tools that we have built up in the last

ten years. During this decade— because of our

complete responsibility for the development of

a major weapon system — we have also piled up
a wealth of experience in many related fields.

The upshot of this is that we can handle any

project from far-out basic research to static and
dynamic testing of complete airframes.

For example, we can simulate aerodynamic
heating and loading at the same time ... on a

complete wing or a large section of fuselage.

We're old hands at applying heat gradients from
leading to trailing edge and spanwise. And we
are equipped to compute temperature differen-

tials, and to predict specific area temperatures.

We're completely qualified to work with any
kind of metals or nonmetals; materials and
processes; electrical, hydraulic and pneumatic
components and systems; structures; reliability;

environmental testing (including re-entry) ; and
instrumentation.

Now we'd like to solve your problems. The
tougher the better.

Please write to E. R. Schenkel, Missile Divi-

sion Test Lab Manager, North American Avia-

tion, 12214 Lakewood Blvd., Downey, Calif.

MISSILE DEVELOPMENT DIVISION
North American Aviation, Inc.
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Now...

Positive Action Switches

...another first from

Cutler-Hammer

Now, after six years of intensive

research, testing, and development,

Cutler-Hammer offers another

Cutler-Hammer first ... a positive

action toggle switch. Cutler-

Hammer Positive Action Switches

are new from toggle to terminals

. . . new in design, new in construc-

tion, and new in performance and

lasting dependability.

Here is the first switch with posi-

tive-make wiping contact action

. . . the perfect control for very low

energy circuits. And the positive-

break switching action provides

safe, reliable control of high energy

circuits. Here is the first toggle

switch where the contacts can be

opened and closed independently

of any spring pressure. Here is the

first completely sealed, environ-

ment proof switch. All of these firsts

plus the many other important im-

provements make these Cutler-

Hammer Positive Action Switches

must components whenever and

wherever dependable electrical cir-

cuit control is important.

Cutler-Hammer's single, double,

and four pole Positive Action

Switches provide unlimited circuit

combinations and are available in

either standard or environment

proof enclosures. For detailed in-

formation, write today for Publi-

cation EA-168.

CUTLER-HAMMER Inc., 1234

St. Paul Ave., Milwaukee 1, Wis.

CUTLER-HAMMER

= AlRCRAFT CONTROL

H

These advanced features

of design guarantee

dependable performance

under all operating

conditions:

• Wiping contacts insure perfect switch-

ing for very low energy circuits

• Positive-break action insures safe, re-

liable switching with high energy circuits

• Direct toggle-to-contact mechanism

guarantees switching action

• First totally enclosed, environment

proof toggle switch

• 1° lever throw opens circuit

• Positive detent action prevents switch

teasing

• New insulating material gives 3 times

greater arc tracking resistance

• Greater terminal clearance for easier

wiring

C
• Improved bushing seals are molded in

place

Circle No. 85 on Subscriber Service Card. missiles and rockets
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AEROJET-GENERAL
CORPORATION

TURBO-MACHINERY

DIVISION

Offers Key Positions

for specialists, design engineers,

and test engineers with creative

ability and broad experience in

cycle and performance analysis,

design, and development in fol-

lowing fields:

• TURBINES

Propellant-powered, high-speed

machines from one to several

thousand horsepower, operating

at high pressure ratios and tem-

peratures.

• PUMPS

Axial and radial flow pumps of

high suction specific speed for

mono-propellant and bi-propel-

lant systems.

• GAS GENERATORS

Mono-propellant and bi-propel-

lant systems for wide ranges of

design and operating conditions.

• ELECTRICAL

Frequency, voltage, sequencing,

and other electrical controls for

turbo-machines, auxiliary power

and magnetic amplifier systems,

and related ground support

equipment.

You are cordially invited

to send a detailed resume to:

L. L. THOMPSON
AEROJET-GENERAL
CORPORATION

Box 296-G

Azusa, California

A Subsidiary of The

General Tire & Rubber Company

Circle No. 1 on Subscriber Service Card.



HIGH-STRENGTH ALUMINUM CASTINGS

He's saving
your machining time!

Defective aluminum castings in your machine shop

send time and money down the drain. The total loss in

machining, inspection, handling, and paperwork often

goes far beyond the price of the casting.

You can cut rejects and stop losses by buying de-

pendably sound castings from a reliable source. Com-
panies using aluminum castings from Brake Shoe's

Light Metals Department have practically eliminated

reject problems. One aircraft company cut rejects on
specific castings from 35% to less than 5%. A missile

maker cut rejections to less than 1%. Another com-
pany, which statically tests one casting out of every

lot, reports no rejects to date.

Brake Shoe produces sand, shell, and plaster mold
castings, from a few ounces to 500 pounds, in high-

strength and standard alloys. Government certified

heat treat, Zyglo, and X-ray insure complete sound-

ness. Send drawings of your problem parts and our

engineers will be glad to show how Brake Shoe's more
than 50 years' experience in producing dependable

castings can save time and money in your plant.

Guaranteed Properties in Highly Stressed Areas

T.S., psi Y.S., psi %EI.

Ductaluminum 356T 38,000 28,000 6
Ductaluminum 356S 42,000 35,000 3

Other grades available to all military specifications.

LIGHT METALS DEPARTMENT
MAHWAH, NEW JERSEY
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cover picture:

Representing the tremendous
amount of ground support equip-

ment necessary for testing ICBMs,
the above photograph shows an
Atlas set up for static firing of its

main and vernier engines at Con-
vair-Astronautics' Sycamore Can-
yon facility in California. Inde-

pendent ground power units, such

as Caterpillar Tractor Co.'s diesel

electric generator (at left), propel-

lant transfer facilities, and trans-

portable vans for electronic equip-

ment, are all big procurement sub-

system items. (See Page 78.)
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Now combined for the first time...

HYDROSPINNING AND
CONTOUR FINISH MACHINING

As the technology of missile machining progressed missilemen looked forward to

the many advantages of combining hydrospinning and contour finish machining.

But the technical obstacles were great and no one dared the expensive risk of this

research.

Diversey tackled this technical research and now after many months of experi-

mentation Diversey has solved this problem. Above you see the successful produc-

tion line results. You are looking at a Diversey hydrospun nose section for an IRBM

being contour finish machined to extremely close tolerances.

This advance of Diversey is important to the missile industry because of its

flexibility, because it saves valuable metal, and because it sharply reduces cost.

At Diversey you have the LARGEST FACILITIES for your missile metal machining

and hydrospinning problems. You have a team of alert, experienced,

and progressive technical people. Bring your tough jobs to Diversey.

D.
LEADERS IN CO

UUtMTSfUM ENGINEERING
10550 WEST ANDERSON PL

NTOUR MACHINING

COMPANY
PLACE

FRANKLIN PARK, ILLINOIS • A Suburb of Chicago

FROM NOSE TO NOZZLE, FROM FIN TO FIN, CONTOUR TURNED PARTS-WITH PRECISION BUILT IN

8
Orel* No. 87 on Subscriber Service Card.
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editorial

Thank you,

The missile business is not a mass produc-

tion industry. Missiles for tomorrow aren't

skinned, ribbed, and riveted like flying machines

—they are machined, welded, and heat treated,

and although we spend billions for such missiles,

most of the money goes for painstaking research,

for prototype development—and for quality. This

is accomplished—not by machines—but by the

men behind the machines, and by the brains,

vigor and confidence of these men.

Dr. John P. Hagen, for one, has set an ex-

ample through public appearances, through testi-

mony before Congress, and through eager work
in his own shop. He has shown what is needed to

push the American missile business forward.

Thank you, Dr. Hagen! Thank you for being

yourself.

Men like Dr. Hagen certainly do not neces-

sarily come from the aircraft industry—or from

the automobile industry—or from an Army ar-

senal or a Navy shipyard. They come from all

walks of the great American industry—to make
up a special segment: the $4 billion missile

business.

In rocketry, more than in any other science,

there is a definite requirement for an individualis-

tic approach to all problems. You don't build

rockets—like guns or aircraft—by the book.

The successful completion of a rocket sys-

tem program requires a mass of minute, nerve-

wracking detail work. Yet, the essence of rocket

progress is foresight and common sense, exhibited

by individuals without any fear or reluctance to

back a program all the way, with their person-

ality, optimism and spirit.

Our confused rocket programs need this

kind of push. Technological progress in this coun-

try—despite our great arsenal of scientific talent

—is suffering from lack of individualism, lack of

Dr. Hagen!

encouragement for young engineers to stick their

necks out, and lack of individual recognition.

Let us not fool ourselves and think for a

moment that we shall catch up with Russia in

rocketry by asking our able missile men to keep

their mouths shut, to make them sterile to in-

dividualistic thinking and to common sense.

What's happening to the great American democ-

racy? Is individualism on the wane in this

country? If so, missile and rocket progress most

certainly will go down with it.

The individualistic approaches by Dr. Wern-

her von Braun, Maj. Gen. B. A. Schriever, Maj.

Gen. John B. Medaris, Rear Admiral Raborn and

Dr. John P. Hagen—the opinions of whom have

been fairly unsuppressed until now—have at least

carried our missile programs forward to some

degree.

But we need thousands of such men, engi-

neers and scientists who—like Dr. John P. Hagen
will press their teams on to perform a remarkable

job through personal sacrifice and personal inter-

est—through completely uninhibited thinking and

a truly democratic individualistic approach.

Dr. Hagen could not have put his satellites

up alone. His success is based on teamwork. So

is von Braun's and Admiral Raborn's and Gen-

eral Schriever's. Teamwork alone, however, would

have resulted in little or nothing; excellent leader-

ship is a must in this business.

We have done fairly well in recent years

thanks to this handful of individualists and their

personal sacrifices. But we need to do better—we
need many, many more of them—people with

individualistic courage and skill, applied right

across the board. We must encourage our young

scientists and engineers and inventors to exhibit

the same kind of guts and go—and not kill the

drive in them.

May, 1958 9



LINK YOUR CAREER TO TOMORROW

climate:

For career men it is almost impossible to

tell where mental climate leaves off

andphysical climate begins. Like the Moebius

strip,properlyjoined, they present a

single-sided situation that is most benign.

At Link Aviation the climate is ideal . .

.

Pioneers offlight simulation, Link's modern

electronic laboratories now bracket

our continent. Thefacilities in Binghamton,

New York, have been supplemented by

the energetic Research & Development

Laboratories at PaloAlto, California.

At both places,primary consideration was

given to the importance ofclimate to

you . . . the very engineer we now seek.

10 missiles and rockets



The mental climate at Link Aviation,

Inc., is ideal for your growth. Its facili-

ties, its attitude, its personnel provide

a congenial, purposeful atmosphere.

The physical climate furnishes you

with the maximum in comfortable sub-

urban living. And you have your choice

between the full-seasoned stimulation of

Binghamton in upstate New York, or the

temperate California living in Palo Alto.

The climate of learning is here, too. If

you are the man we want, you will never

claim that your education is finished.

Link Aviation does more than give lip

service to this concept. As a participant

in the Honors Cooperative Programs at

outstanding universities, you can ad-

vance your education by attending regu-

lar classes with-time and tuition provided

by Link.

In addition to providing you with the

ideal climates, Link also assures you

that your material benefits will be com-

mensurate with today's most enlightened

practices; good pay, ample vacations,

hospital, health and retirement benefits.

If this entire work-live-study setup at

Link sums up the ideal you have estab-

lished in your mind, we urge you to re-

spond immediately.

Link Aviation, Inc. Binghamton, NewYork

Write:

Mr. Ken Viall

Link Aviation, Inc., Dept. P-4

Binghamton, New York

Or:

Mr. Joe Larko

Link Aviation. Inc., Dept. P-4

P.O. Box 1313

Palo Alto. California
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NEW TWIST FOR, JET TURBINE SHAFTS
Formerly many of these shafts

were made from upset tubing.

Almost any design engineer,

production man or purchasing

agent would say — this is it.

But not the people in our forg-

ing department. They are

always anxious to try for a

better solution — a new twist

— to even a simple problem.

As a result, Cameron now pro-

duces these shafts from speci-

fied billet stock in a one piece

forged unit. The head is

formed and the tube is ex-

truded in a single operation.

Metallurgy can be accurately

controlled by our own high

quality alloy steel production.

Grain structure is perfect and

the price, which has taken an

interesting turn, is even lower

than for the upset method.

Ferrous forgings from 8 lbs. to

8,000 lbs. in unusual shapes

and in alloys for extreme serv-

ice are our specialty. Cam-
eron's split-die forging presses

(largest in the world) have

solved many problems in this

field. For simpler shapes such

as this jet turbine shaft, other

Cameron presses are also add-

ing a new, money saving twist

to old techniques. Write, call

or come by . . .

Co****"V^ihom WORKS, INC.

SPECIAL PRODUCTS DEPARTMENT
P. O. Bex 1212, Houston, Texas
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Houdaille rotary actuators...

acceptance!

when and where

MAY
American Society of Tool Engineers,

Second Annual Technical Meeting,

New York, N.Y., May 1-8.

National Flight Test Instrumentation

Symposium, Instrument Society of

America, Park Sheraton Hotel,

New York, NY., May 4-7.

Professional Group on Microwave The-

ory and Techniques, National Sym-
posium, Stanford University, Palo

Alto, Calif., May 5-7.

IRE, ACM, AIEE, Western Joint Com-
puter Conference, Los Angeles,

Calif., May 6-9.

ORE, National Conference on Aeronau-

tical Electronics, Biltmore Hotel,

Dayton, Ohio, May 12-14.

IAS, National Midwestern Meeting on
Guided Missiles, Hotel Chase, St.

Louis, Mo., May 12-14.

3rd Production Exhibitions Conference,

Institute of Production Engineers,

London, England, May 12-21.

Society-Experimental Stress Analysis

1958 National Spring Meeting,

Manger Hotel, Cleveland, Ohio,

May 14-16.

Armed Forces Day Dinner, Sheraton-

Park Hotel, Washington, D.C.,

May 16. Observances in various

cities, May 10-18.

17th Annual National Conference, So-

ciety of Aeronautical Weight En-

gineers, Inc., Belmont Plaza Hotel,

New York, N.Y., May 19-22.

AIA, Board of Governors Meeting,

Williamsburg, Va., May 21-23.

Aviation Writers Association Annual
Convention, Shamrock Hilton

Hotel, Houston, Texas, May 25-31.

JUNE

IAS, AIEE, ISA, National Telemeter-

ing Conference, Lord Baltimore

Hotel, Baltimore, Md., June 2-4.

First National Guided Missile Indus-

try Conference, Mayflower Hotel,

Washington, D.C., June 4-6 (Rob-

ert H. Goddard Memorial Dinner,

June 6).

Armed Forces Communications and
Electronics Association Conven-

tion, Sheraton-Carlton Hotel, Wash-
ington, D.C., June 4-6.

IRE Second National Symposium on
Production Techniques, Hotel New
Yorker, New York, N.Y., June
5-6.

American Rocket Society, Semiannual
Meeting, Hotel Statler, Los An-
geles, Calif., June 8-11.

ASME Semiannual Meeting, Statler

Hotel, Detroit, Mich., June 15-19.

Military Electronics, National Conven-
tion, Sheraton Park Hotel, Wash-
ington, D.C., June 16-18.

ACCEPTANCE of any product is the result of performance and

experience. The Rotary Actuators shown are among many Houdaille

designs produced for and accepted by the nation's leading airframe

manufacturers. Output torque for these actuators ranges from 1200

inch pounds up to 45,000 inch pounds. They are engineered for a

broad range of applications, to meet a variety of "package" and size

requirements. All offer optimum performance characteristics.

Houdaille's experience— proved by acceptance— can be working for

you. For missile and airframe applications, wherever direct rotary

motion is required, your best source is Houdaille.

HOUDAILLE CUSTOMERS for Rotary Actuators

include such names as:

Westinghouse Electric Corp.

Douglas Aircraft Company
North American Aviation, Inc.— Columbus Division

Aerojet General Corporation

Convair Division, General Dynamics Corp.

Grumman Aircraft Engineering Corp.

North American Aviation, Inc.— Rocketdyne Division

Northrop Aircraft, Inc.

HOUDAILLE

Houdaille Enginee

designing rotary

actuators to meet every
requirement.
For prompt attention,
write Dept. MR

—Houdaille
7

||ndustries, inc.
BUFFALO HYDRAULICS DIVISION

537 EAST DELAVAN AVENUE • BUFFALO 11, NEW YORK
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Wide variety of alloy and stainless steel products

made possible with Standard's new electric melting furnace

With installation of our new electric furnace, we at Standard are now equipped to

give you even better service—even faster deliveries—and much greater variety of

steel analyses—than ever before.

These expanded facilities provide you with an in-plant source of forgings, cast-

ings, rings and flanges from virtually any specialty alloy steel, including bearing

grade steels, tool steels, high temperature steels, and stainless steel.

Discuss your next requirements with us. You will appreciate our service as well

as our quality. Write Dept. 6-E.

Standard Steel Works Division
13 ^ *i_ Xj ID"W I INT • XjXTvIA. • HAMILiTON ^

BURNHAM, PENNSYLVANIA Rings • Shafts • Car wheels • Gear blanks • Flanges • Special shapes ^hai*^

14 Circle No. 90 on Subscriber Service Card. missiles and rockets



letters

Life Span 10 Years

To the Editor:

We were quite pleased with the

handling of our article on recoverable

booster studies to cut manned space

flight cost in the April issue. However,
we were somewhat concerned with re-

gard to a couple of typographical errors

which occurred.

Of particular concern to us was the

one giving operational life span of a

given model as 100 years, which should,

of course, have been 10 years. We be-

lieve that most of your readers will

recognize this as a typographical error,

but are concerned with the possibility

that some might not. The only other

error was the interchange of numbers
on Figures 1 and 2.

D. C. Romick
Weapons Systems, Department 460
Goodyear Aircraft Corporation

GS Group Needed?
To the Editor:

After reading the Ground Support
Equipment issue of m/r for January,

1958, I began to wonder why an or-

ganization of GSE Engineers had never

been formed.

With the increase in importance
and in government expenditures on
GSE for advanced weapons systems, it

would seem that a group of this sort

could do much in helping to standar-

dize techniques and methods, and to

disseminate information among manu-
facturers who would not normally
come into contact with each other.

I would welcome any comments on
this subject from m/r readers who may
or may not be actively concerned
with GSE.

Walter E. Bailey

Bell Aircraft Corp.

Buffalo 5, N.Y.

An excellent suggestion—we too,

would welcome any comments from
our readers—Ed.

Hi Temp Omission
To the Editor:

We have read with great interest

and enthusiasm the very extensive re-

view of missiles in the March issue. It

was an outstanding piece of work.
However, there was one omission

which is most important to us: in the

materials section no mention was made
of the very extensive line of high-
temperature materials of construction

made by Haveg Industries, Inc., and
Reinhold Engineering and Plastics Co.,

May, 1958

Inc., for use in blast tubes, nozzles, jet

vanes, jetevaters, insulation, adapters,

and the like.

These materials, known under the

proprietary names of Missileon, Mer-
curon, Planeton, Rocketon, Orbiton,

Asteron, Galaxon, etc., are now stand-

ard in 18 different missile programs,
many of which are in production.

We are also working in nose cone
and re-entry areas and have equipment
in place to make any sizes up to 12
feet in diameter. We are also doing an
extensive amount of both prototype
and production work at both Haveg
and Reinhold facilities.

We are also manufacturing a wide
variety of high-temperature wire and
cable for the electronic phases of the

industry. This includes Teflon coated
wire and wires coated with pure silica

fiber.

Haveg materials have functioned

satisfactorily when subjected to prod-
ucts of combustion having flame tem-
peratures as high as 5800°F. Past ex-

perience indicates that we should be in

a position to cope with all high-tem-

perature insulating problems associated

with the missile field.

John H. Lux
President

Haveg Industries, Inc.

Wilmington 8, Del.

GE Did its Job
To the Editor:

I have recently read an article in

the March '58 issue of m/r. describing

the General Electric engine on the

Vanguard program.
I have been gathering certain facts

from the people in my organization on
the subject of engine performance and
thought it would be worthwhile to pre-

sent a summary of this information to

you. Your story mentioned that, ac-

cording to one Pentagon source, the

Hermes engine proved to be—among
other things—too rusted for use in the

first-stage vehicle; GE has to design

a new first stage engine for the appli-

cation of the Vanguard.
In my experience, no one engine

has ever filled the bill for another ap-

plication without design changes. This
was exactly the case of the Vanguard
engine designed by the GE Co. The
experience gained during the Hermes
Program was directly applicable and
has largely contributed to a compressed
development time.

missiles and rockets continues:

"As for the Vanguard, in spite of
official reasons released to the public,

the general opinion is that it has not

NEW TYPE
ACCUMULATOR WITH
NO COSTLY RUBBER
PARTS TO REPLACE

You can forget maintenance with

Payne Non-Separator Type Accumu-
lators on the job. Notice above how
the free-moving float* takes the

place of unreliable rubber goods.

Pre-charge pressure is securely re-

tained when the float at its low

position triggers a positive shutoff

valve. In combination with Payne

fast-acting pumps and automatic

controls, these economical accumu-

lators instantly produce the correct

pressure for a wide range of hy-

draulic applications. They are built

in sizes from one to twenty gallons

with maximum working pressure to

3,000 psi. Any volume is available

with multiple units. It's easy to

understand why more and more
cost-conscious companies are choos-

ing the reliability and sound econ-

omy of Payne Non-Separator Type
Accumulators.
'Patents Pending

COMPANY INC.

P. O. Box 9364 Houston 11, Texas
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NO GETTING AWAY FROM IT!

Here's the Army's answer to a major problem in U. S. defense.

Hawk, recently-revealed missile, hunts and destroys invading air-

craft even at tree-top altitudes!

Raytheon radars of unique design give Hawk its amazing low-level

ability in the blind zone of conventional radars.

This aptly named 16-foot missile can be launched from fixed installa-

tions for the defense of U. S. cities. Highly mobile, Hawk can also

travel with fast-moving land forces of the Army and Marine Corps,

or be transported by helicopter or plane.

Raytheon, with more than a decade of pioneering in guided missiles,

is prime contractor for the complete Hawk weapon system.

Excellence in Electronics

RAYTHEON MANUFACTURING COMPANY, WALTHAM,
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Missiles /Rockets and Steel

Lukens Steel Company, with the world's largest capac-

ity for producing spun and pressed "head" shapes, is

forming nose cone blanks for the Air Force's Thor and

Atlas, as well as other vital rocket and missile parts.

|
\J materials. But now

I -.mJM such problems are

a vital part of our missile age, and

steel companies having the necessary

facilities and know-how are playing

an important role in missile weapon
systems development.

That is why, for example, the nose

cone blanks for the Air Force's Atlas

and Thor ballistic missiles are being

formed by Lukens Steel Company on

one of the most unusual facilities in

the steel industry—a mammoth four-

post hydraulic press capable of exert-

ing a force of up to 4 million pounds.

Lukens is performing this work for

General Electric Company's Missile

and Ordnance Systems Department,
prime contractor for the ballistic nose

cone.

Over Seventy-Five Years

of Experience

Lukens produces its own steel and
possesses the world's largest capacity

for spinning and pressing the dome
shapes known to the steel industry

as "heads." In 1880, Lukens pioneered

a machine which produced steel heads
by means of a spinning or flanging

operation— similar in working prin-

ciple to a potter's wheel. Since that

time, this process has undergone con-

stant refinement. Today, supplemented
by a line of presses for volume pro-
duction items, Lukens facilities offer

the widest range of types, sizes and
qualities of head shapes available any-
where. The versatile flanging ma-
chines can spin heads from 12 inches

to 21 feet in diameter and from 3/16
inch to 6% inches in thickness. Huge
hydraulic presses, like the one used
for the Air Force program, have
turned out the largest heads pressed
—hemispheres nearly 7 inches thick.

These same machines can press ultra-

high strength steel in sheet gages
to the order of 180,000 psi tensile

material.

The metals used in head production

range from the various steels and clad

steels rolled on Lukens own mills to

such materials as aluminum, copper,

nickel, stainless steel, Monel, Inconel,

titanium and Hastelloy.

For Missile Production

and Handling

As the long-time leader in produc-
ing heads, Lukens has served many
fields of industry— the most recent

being the nation's missile producers.

The areas connected with missile pro-

duction and handling in which head
shapes are playing a growing role are

On this mammoth hydraulic press capable
of exerting up to 4 million pounds pres-

sure, Lukens Steel Company has formed
nose cone blanks for the Air Force's Atlas

and Thor ballistic missiles.

often areas in which Lukens heads
have been employed in similar man-
ner for many years. The storage of

fuels and oxidants at test and launch-
ing sites requires tanks with heads at
each end. Formed from corrosion-
resistant Lukens clad steels, heads
have long been supplied to the chem-
ical industry for precisely such appli-

cation. Solid rocket engine casings
utilize dome ends which must with-
stand enormous pressures. Both the
petroleum and chemical industries use
steel heads for vessels in which liquids

are contained under high pressures.

To meet the demands of absolute
safety, Lukens has spent years work-
ing with the latest high-strength
steels and perfecting the required pre-

cision. This skill and knowledge is

immediately available to missile en-
gineers to fulfill their own design
requirements.

Nose cones, fuel tanks, and rocket
casings are, of course, only a few of

the literally hundreds of uses to which
heads can be put. In using them as
examples our point has simply been
this: wherever a metal dome shape
can be utilized in the missile industry,

experienced craftsmen can provide it

— swiftly, accurately, with a quality

achieved through long experience.

Send for More Information

Lukens specialized knowledge of
head uses, sizes, types and qualities is

immediately available. For assistance

with specification or production prob-
lems, write to Manager, Marketing
Service, Lukens Steel Company, 150
Lukens Building, Coatesville, Penn-
sylvania.

LUK1

r

ENS
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May, 1958 Circle No. 92 en Subscriber Service Card. 17



Left to right: 1 Containers (5,000 psi) 2 Relief Valve, 3 Check Valve, 4 Priority Valve,

5 Pressure Reducers, 6 Filter, 7 Solenoid Valves.

Visit Kiades Booth #51,
A.R.S. Exposition, June 9-

II, Statler Hotel, Los An-
geles.

Six minutes at 600 degrees F. ... or for shorter periods up to

1000 degrees! That's the life expectancy these and more than 100

other qualified pneumatic system components which Kidde has

on an off-the-shelf basis. If you are developing pneumatic equip-

ment for missiles or manned aircraft which involve high or low

temperature applications, write Kidde today.

Kidde's available, proven pneumatic components plus Kidde's

years of experience with pneumatic systems can save you many
hours — and dollars in development effort!

Walter Kidde & Company, Inc., Aviation Division

520 Main Street, Belleville 9, N. J.

District Sales Engineering Offices:

Dallas, Tex.-Dayton, Ohio-St. Louis, Mo.

Seattle Wash.-Van Nuys, Calif -Washington, D. C.

Walter Kidde-Pacific, Van Nuys, California

Walter Kidde & Company of Canada Ltd.

Montreal-Toronto-Vancouver
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. . . letters

flown mainly because of an inade-

quate first-stage engine."

The facts are that GE delivered all

engines to the Martin Corp., and that

all engines passed acceptance tests with-

out failure. As a matter of facts, quali-

fication tests were successfully com-
pleted without waivers.

Your next paragraph mentioned the

cause of the Vanguard failure, after

the missile attained an altitude of 96".

Detailed investigation by qualified

personnel revealed that raw fuel leaked

out of propellant pipes upstream of the

GE engine and that neither design,

maintenance, or operational deficien-

cies of the GE engine contributed to

this failure.

Finally, your statement "The Van-

guard finally struggled into the sky, and

the marginal thrust-to-weight first-stage

engine got the Vanguard off the

ground" are matters no engine con-

tractor has control over. Engines are

built to specifications of thrust ratings,

specific and total impulses which have

to lift a given weight into the air. The
specifications given to the GE Co.

were met in all aspects.

Richard F. Gompertz
Malta Test Station

Ballston Spa, NY

Wrong Picture

To the Editor:

The nice editorial treatment you
gave to the story on DuKane Corp',

development of a new satellite trans-

mitter (April, page 152) was extremely

gratifying both to DuKane and to us, as

DuKane's public relations counsel. We
have already heard from readers of

m/r who want more information, even

though the issue has been out only a

few days.

Apparently, however, someone
mixed up DuKane's photographs with

May, 1958

BARCO FLEXIBLE JOINTS

For Handling
High Energy
Fuels ....

liquid

oxygen, white

fuming and red

fuming nitric

acid, and JP 3,

4, and 5 fuel 180° flanged 6" Barco Ball Joint for use in loading
and unloading line handling liquid propellant.

»ci*al designs for LOX
and other Missile Fuels
Extensive design and manufacturing experience is yours to

call upon at Barco for the handling of special liquid fuels

in the aircraft, rocket, and missile industries:

—Flexible Ball Joints for metal loading lines handling corrosive fluids.

—Special flexible joints with leakproof seals for conveying fluids at

low temperatures down to —300° F. Also high temperature

designs up to +1000°F.

—Special designs resistant to nuclear energy radiation.

Barco joints provide flexibility unlimited for piping and
tubing. Our engineers will be glad to work with you on
special problems and assist with recommendations.

Flexible Hydraulic Lines for Missiles, Aircraft

Barco produces high pressure

self-aligning swivel joint and
tubing assemblies for hydrau-
lic pressures to 4,000 psi,

and higher. Also a wide se-

lection of standard and spe-

cial swivel joints and as-

semblies for launching and
flight gear. Sizes V4" tol ".

ASK FOR NEW CATALOG 269-A.
MISSILE LAUNCHER

HYDRAULIC ASSEMBLY

BARCO Serving Industry Since 1908
MANUFACTURING CO.. 566F Hough St., Barrington, III.
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. . . letters

someone else's, for the photos which

appeared in connection with the satel-

lite transmitter story were not those

originally supplied, and bore no rela-

tionship to the text of the story or the

picture captions as published.

These slip-ups occasionally occur,

I know, in the pressure of getting out

a periodical publication. In fairness to

readers of m/r who have an active in-

terest in the subject, however, I pre-

sume you'll want to print a correction

of this one, and possibly include the

right pictures in your next issue.

Robert E. Kilbride

The John Marshall Ziv Organization

75 East Wacker Drive

Chicago 1, 111.

For correct photo, see p. 19—Ed.

Recommended Reading

To the Editor:

We read, with great interest, your

excellent article entitled "1958 Missile

Materials Review" in the March issue.

In this regard, we believe that you will

be interested in the enclosed report

which has just been published by the

AIA under the auspices of our Aircraft

Research and Testing Committee and
Manufacturing Committee.

This report is prepared annually

to provide suitable information for the

guidance of research and development

programs conducted by the Depart-

ment of Defense, the aircraft and mis-

sile industry, and materials producers.

Copies are available upon request to

this office. Your comments will be wel-

comed.

H. D. Moran

Technical Service

Aircraft Industries Association

Los Angeles 36, Calif.

We heartily recommend this report

to our readers who are engaged in the

nation's missile research and develop-

ment programs. This report briefly, but

concisely, surveys the requirements for

materials, processes, testing and manu-
facturing methods forecast for the next

five- and ten-year periods . . . Ed.

Earlier Explorers

To the Editor:

In view of the recent feats of the

Jupiter-C rockets that carried Explorer

I, II, and III into space, the following

may be of interest:

The original Explorer I was, in its

day, the largest free-flight balloon ever

built. On July 28, 1934, after being

filled with hydrogen, it was released

over the Dakotas carrying a crew of

three Army Air Corps officers. The
balloon rose to an altitude of 1 1 miles

before it suddenly tore open across the

bottom and carried its crew to an

altitude of one-half mile before they

jumped to safety.

About a year later, Explorer II, an

even larger free-flight balloon, was
ready for another attempt to send in-

struments and observers to the top

of the earth's atmosphere. It rose to

an officially-recognized height of 72,395

feet, carrying two of the previous crew

members and 64 scientific instruments.

These flights, jointly sponsored by the

National Geographic Society and the

Army, yielded invaluable data on the

stratosphere and other phenomena.

The two crew members, Capts. Albert

W. Stevens and Orvil A. Anderson,

spent one hour and forty minutes above

seventy-thousand feet.

Windsor P. Booth

National Geographic Society

PC SERIES
Double Stub Thread

YGMY
MINIATURE

ELECTRICAL CONNECTORS

Accommodate 3 times as many circuits

as comparable AN arrangements

• 5-Key Polarization on PT Series *
• AN Mounting Dimensions *

• Lightweight, Compact •

• Forged or Bar Stock Shells •
• Resilient Inserts •

Closed Entry Sockets

Moisture resistant

Vibration resistant

Heavily Gold-plated Contacts

Quick Disconnect, Either Series

SCINTILLA DIVISION of

Export Sales and Service: Bendix International Division, 205 East 42nd St., New York 17, N, If.
Canadian Affiliate.' Aviation Electric, ltd., 200 Laurentien Blvd., Montreal 9, Quebec
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• Sizes 8 through 18 available

in any ratio within 1%.

• Mount directly on all Ediso

and Bureau of Ordnance

Motors without adapters.

PRECISION
GEAR HEAP

adapters available to mount on any motor

CHARACTERISTICS STANDARD EDISON GEAR HEADS
Size 8 10 11 15 18

Part Number
Pinion Data:
Number of Teeth 12 13 13 15 15
Diametral Pitch 120 120 120 96 96
Pressure Angle 20° 20° 20° 20° 20°
Pitch Diameter .1050' .1083" .1083" .1562" .1562"

+.0 + + +.0 +.0
-.0005 -.0005 -.0005 -.0005 -.0005

Ratio L" Ratio ft" Ratio Ratio "I Ratio

17 0.750 31 0.781 36 40 0.812 60
42 0.812 93 0.954 108 140 1.000 240

Gear Ratio to 104 1.008 280 1.054 324 490 1.100 960

Length "L" 253 1.070 840 1.116 972 1715 1.1 62 3840
615 1.204 2521 1.266 2916 6000 1.328 15,360

1494 1.347 7565 1.409 8748 21,000 1.487 61,440
3629 1.421 22,696 1.500 26,244 73,500 1.600 245,760

Moment of Inertia

GM CM2 .01 .018 .02 .05 .08

Maximum Running
Torque in. oz.

15 15 20 25 25

Maximum Stall Torque 35 35 40 50 50
in. oz.

Breakdown Torque
in. oz.

.01 .01 .012 .015 .018

Backlash maximum 30' 30' 30' 30' 30'

Gear Tolerances: Precision Class 2 AGMA 236.02. Bearings: Stainless Steel ABEC Class 5 or better. Shaft

Radial Play: .002"/inch length max. with 4 ounce gage load. Shaft End Play: .002" max. with 1 pound gage load.

Friction Slip Clutch available on request. Designed to meet applicable paragraphs of MIL-E-5272.

Thomas A. Edison Industries
INSTRUMENT DIVISION

May, 1958

85 LAKESIDE AVENUE, WEST ORANGE, N. J.
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orld Circling Explorer 1 is Tipped with

Republic Stainless Steel

LAUNCHING OF JUPITER. C MISSILE and

"Explorer I" Satellite from Cape Canav-

eral, Florida, 10:48 PM, EST, January

31, 1958.

"EXPLORER I" IS POSITIONED on spin

launcher. The satellite is spin-stabilized

in much the same manner as a rifle

bullet. Rotational spin of more than 700
RPM was started on the ground before

the satellite was launched. The striped

area at the top of the Explorer indicates

the nose cone fabricated from Republic

ENDURO Stainless Steel, Type 430.

Vital instruments in the nose section of the

U. S. Army satellite, "Explorer I", are pro-

tected by a cone of ENDURO® Stainless Steel

produced by Republic. The nose cone was

fabricated from Type 430 by The Lodge and

Shipley Company, Cincinnati, Ohio using

the Floturn Process.

Type 430 is highly ductile. It is readily

formed into desired shapes by cold-forming,

drawing, and bending operations. It provides

low thermal expansion and is highly'resist-

ant to atmospheric corrosion, erosion, and

oxidation at high temperatures.

As rapid developments in the fields of mis-

siles and rockets increase demand for these

high-strength, select formula steels, Republic

is keeping pace through research and new

production facilities.

Our metallurgists and engineers are always

available, without obligation, to work with

your personnel in using Republic Stainless

Steels, Heat-Resisting Steels, Alloy Steels,

and Titanium to best advantage. Check and

mail the coupon if you would like a Republic

specialist to call at your plant.

REPUBLIC
STEEL

World's Largest Producer of Missile Metals

—Titanium, Stainless Steel, and Alloy Steel

REPUBLIC STEEL CORPORATION
DEPT. MS-5581
1441 REPUBLIC BUILDING • CLEVELAND 1, OHIO

Have a metallurgist call.

Stainless Steel Alloy Steel Q Titanium

Send more information on:

Stainless Steel Alloy Steel Titanium

Name

Company-

Address

City

-Title-

_Zone State-

missiles and rockets



contract report

Trends Awards
Don't be dismayed at the raft of contracts being placed now through

fiscal year 1958 (ending June 30), and the fact that you don't appear to be

getting your share. A considerable share of the contracts to be negotiated

and actually signed during these last two months have already been arranged

in advance by contract letters or letters of intent. A large percentage of

funds have already been committed this way, due to the fact that it was

physically impossible to negotiate contracts at the rate that requirements

called for them.

In this connection, obligation of Defense Department funds for major

procurement and production hit a two year high of $2.4-billion during the

month of March—with AF obligating $1.7-billion; Navy, $400-million; and

Army, $300-million. This brings the total for the January-March quarter

to $5.4-billion.

Cooperation between Convair-Astronautics division of General Dy-

namics and AVCO Manufacturing Corp.'s AVCO Research Laboratory

on a minimal manned satellite may be a significant sign of things to come.

Space flight proposals are one thing. Space flight performance is another.

It's a very expensive proposition, and money is a function of effort

—

scientific, technological and industrial.

To do the space flight jobs in the short time allowed by Soviet com-

petition will require massive effort. This, in turn, means large industrial

capabilities devoted to this one subject. Thus, it may be natural to expect

project mergers among two or more large corporations. This means that it's

more important than ever for you to cement your relations with procure-

ment officers of some of the larger companies in the field.

Pentagon reorganization—No matter whose plan gets the nod—it

will not have any immediate effect on contract procedures—at least, not

directly. Ultimately, it may have a major impact on which Service gets the

most money; and on how much information is or is not made available to

contractors. Greater centralization of power in the Secretary of Defense,

as proposed by the President, could make it easier for one ambitious Service

to grab the lion's share of the funds.

The reason for this is—the plan will mean that fewer people will

have to be sold in order for any one Service to get its way, or even to place

one of its own ardent proponents in the key spot. This is one of the worries

of House Armed Services Committee Chairman Carl Vinson. Another

worry is that centralization of all military information services under one

absolute czar will mean more censorship than exists even now—not only

for the press but for industry as well. It could mean, for example, that you

might have to have a "need to know if you need to know . .
."

Here and there: Defense Department has abolished its Research and

Engineering Coordinating Committee on Guided Missiles, saying it had
served its purpose . . . Navy's asking for $44.2-million for Talos in fiscal

year 1959, up from $27.6-million in 1958 . . . Army's letting of Pershing

prime systems contract to The Martin Company means anyone wanting

business on this project should work on Martin's Orlando division. . . .

Anyone with ideas about really large thin-wall casings should get in touch

with Thiokol Chemical Corp. They are already statically firing solid pro-

pellant motors 10 feet in diameter by 25-to-30 feet long.

By Navy: Philco Corp., received $15 million
for production of Sidewinder guided mis-
siles. Light Military Electronic Equipment
Department of GE Electric Co. received
$10 million for production of Sidewinder
guided missiles.

By Navy Purchasing Office: Minneapolis-
Honeywell Regulator Co., Davles Labora-
tories Dlv., received $70,240 for magnetic
tape loop analysis system.

By Navy, Bureau of Ordnance: The New
Mexico State College was awarded $152,366
for eighty assembled POQO-HI targets.
Westinghouse Electric Corp. received $132,000
for facilities to produce Polaris launching
system. General Electric Co., received $163,-
409 for studies leading to the development
of ultra-high steels. Vitro Laboratories, Div.
of Vitro Corp., received $107,155 for engi-
neering to integrate components of the
Terrier land weapon system.

By Navy, Bureau of Ships: Norden-Ketay
Corp., Instrument and Systems Div., re-
ceived $1,119,860 for various switchboards.

By Navy, Office of Naval Research: Materials
Research Corp. received $25,500 for research
on structural changes of age-hardening pro-
cesses in binary alloys. Mass. Institute of
Technology received $25,000 for research on
thermoaeroelastic modeling. University of
California received $146,845 for research on
the basic factors affecting the strength of
metals. Arthur D. Little, Inc., received
$65,000 for a study to determine a basis
for the decision as to proper level of
support of fundamental research. Cooper
Development Corp. received $185,758 for re-
search involving measuring portions of the
electromagnetic spectrum during a total
solar eclipse.

By Your District Public Works Officer: Mc-
Donough Construction Co. of Florida, re-
ceived $763,376 for Azusa radar facility at
Eleuthera AFB. McDonough Construction
Co. of Florida received $273,833 for radar
facility at San Salvador, Mayaguana and
Grand Turk Islands, British West Indies.

By U.S. Air Force: General Electric Com-
pany's Aircraft Gas Turbine Division re-
ceived $17-million for an advanced product
improvement program on the J79 jet engine.

BY AFFTC, Air Research and Development
Command: P. J. Walker Co. was awarded
$318,924 for construction of X-15 test facil-
ity. Petersen Construction Corp. received
$53,358 for mechanical and electrical system
for support of 10000 PSI nitrogen system.

By AFMDC, Air Research and Development
Command: Stanford Research Institute was
awarded $90,468 for study of sled slipper
wear problems. Remington Rand Univac re-
ceived $94,586 for uniservo tape recorder
and play back units and spare parts.

HQ AFMTC Air Research and Development
Command: Collins Radio Co. received $187,-
600 for modification kits for AN/FRW-2
transmitter. Missileonics, Inc. received $69-
656 for station, mobile and Interference
analysis. Westvaco Chlor-Alkali Division of
Food Machinery and Chemical Corp. was
awarded $37,873 for rocket propellant. Mid-
western Instruments received $38,565 for
recorders and galvanometers. Dynatronics,
Inc. received $52,035 for 200-volt D.C. power
equipment. Coleman Engineering Co., Inc.
received $28,014 for gaertner digitizing kit.
General Dynamics Corp. received $102,716 for
test equipment.

By HQ Dayton Air Force Depot: Raytheon
Mfg. Co., Government Relations Division,
received $1,108,000 for countermeasures sets.

By HQ Rome Air Force Depot: Flight Re-
search, Inc. received $35,764 for flight re-
search multldata, synchronous motion pic-
ture camera.

By HQ AFOSR: The Board of Trustees of
the Leland Stanford Jr. University received
$90,000 for research on "microwave solar
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NOW IN

VOLUME PRODUCTION
...the K-M AT C.A.E.

(USAF TYPE MA-1A)

PORTABLE
STARTING UNIT

for

LARGE JET

AIRCRAFT

Typical of the fine results of Continental development is

the TC-106 portable starting unit for large jet aircraft. This

advanced new model, with a high performance turbine

compressor as its heart, weighs one-third less than its

predecessor, yet has 17 per cent higher output, and in

addition, other important qualities: greater mobility, less

noise, and a completely automatic control system. ... It

is now in volume production at the Continental Aviation

and Engineering Toledo plant.

C A E. gas turbine models— the J69-T-9, the J69-T-2, and the J69-

T-19A are being built for Cessna's T-37A twin jet trainer, Temco's

TT-1 Navy jet trainer, the Beech jet Mentor trainer, and the Ryan

Q-2A Fire Bee target drone.

. . . contracts

radiation." The Kentucky Research Foun-
dation received $26,136 for research on
"chemistry of N-Sulflnyl Amines." Massa-
chusetts General Hospital received $100,000
for research on "Study of Behavior and
Performance." Purdue Research Foundation
received $27,500 for research and reports
concerning "The Reactions of Amldent
Anions." Polytechnic Institute of Brooklyn
received $33,333 for research on "Electron
Flow In Plasmas and High Density Bemas."
Stanford Research Institute received $43,339
for research on "Luminescence of Solids
Produced by Surface recombination of
Atoms." Giannini Research Laboratory re-
ceived $34,887 for studies on ferromagnetic
rare earth systems. Alfred University re-
ceived $29,918 for a study of the correlation
between the defect solid state and catalysis.
The University of North Carolina received
$25,566 for research on "Metal Ion Inter-
action with 'Chelons' ". Bolt, Beranek and
Newman, Inc. received $58,505 for research
and reports concerning "Organizational
Characteristics of Man-Machine Systems."
The Trustees of Columbia University re-
ceived $47,008 for research on "Chemical
Bond Energies." Rutgers State University
received $36,183 for research on a study of
"Properties of Matter by Means of Nuclear
Magnetic Resonance Techniques." The
Regents of the University of Minnesota re-
ceived $56,000 for research on the study of
"Natural and Induced Spectra of Some
Ferrites." Kentucky Research Foundation
received $27,910 for research on the elec-
trical and liquid-solid transformation prop-
erties of systems of the group Va and Via
elements. Reaction Motors, Inc. received
$44,332 for research on the Influence of ions
on rocket combustion. The University of
Pittsburgh received $40,300 for research on
antlferromagnetic resonance, paramagnetic
resonance in phophors, foreign atoms In
silver halides and nuclear resonance. Gian-
nini Research Laboratory received $98,450
for study of plasma Jets; $97,627 for In-
vestigation of electric thrust devices. Aero-
jet-General Corp. received $48,056 for re-
search on "Kinetics of Solid Phase Re-
actions." New York University was awarded
$25,755 for research on hydrodynamic equa-
tions for a free radical name. Brown Uni-
versity received $33,275 for research on
"Theoretical Study of Problems of Com-
pressible Flow." The University of Chicago
received $118,950 for research on "Nuclear
Interactions In Cosmic Radiation." Giannini
Research Laboratory received $98,025 for
basic study of energy exchange process be-
tween an electric arc and a gas flow. Allied
Research Associates, Inc. received $39,958
for research and reports concerning "Melt-
ing and Aerodynamic Ablation of Metals."

By HQ ARDC, Cambridge Research Center:
Aerojet-General Corp., $387,730 for aerobee
rocket. The Ramo-Wooldrldge Corp. re-
ceived $29,302 for research In the study of
infrared sky backgrounds by techniques of
space Altering. Geo-Science Inc. received
$94,710 for research in the study of air glow
and atmospheric reactions. TRG, Inc. re-
ceived $29,940 for investigation of applied
problems in electromagnetic radiation.

By Commander, HQ AMC, Wright-Patterson
AFB: Boeing Airplane Co., was awarded
$675,327 for materials equipment to design,
pilot produce, test, and evaluate titanium
castings suitable for use in aircraft con-
struction. AC Spark Plug Dlv., General
Motors Corp. received $84,634 for bomb-
rocket set-gun sighting.

By San Antonio R&D Procurement office,

Air Research and Development Command:
The Trustees of Tufts College were awarded
$25,875 for research on the effects of en-
vironmental and nutritional factors on
intermediary metabolism.

By Cleveland Ordnance District: Cyril Bath
Co., was awarded $49,828 to contract special
tooling, frames and rings for guided missiles.

By Philadelphia Ordnance District: Western
Electric Company, N.Y. received several con-
tracts totalling $555,281. Western Electric

Company (N.C.) received $539,969 for Nike
spare parts and components. Air Products,
Inc. received $584,325 for liquid oxygen semi-
trailer. The Research Institute of Temple
University received $161,895 for aerodynamic
heating tests. The Corporation for Economic
& Industrial Research received $66,500 for

type 704 digital computer time. Western
Electric Co., Inc. received 9 contracts totall-

ing $1,032,612 for Nike spare parts and
components.

By U.S. Army Ordnance District: Southwest
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. • . Requires no refrigeration . . . Easier to store than liquid oxygen

Performance of Nitrogen Tetroxide as an oxidizer for many fuels is comparable
to that of liquid oxygen. In convenience it is far superior to liquid oxygen.
N2O4 can be shipped easily and stored indefinitely without refrigeration in

ordinary carbon steel containers. It is a dense, mobile liquid that is noncorrosive
if kept dry. The quantity of oxygen contained per unit volume of N2O4 is 1.01
Kg/liter at 20°C.
N2O4 is available in tonnage quantities from Allied's Hopewell, Virginia plant.

For experimental purposes, N2O4 is

available in 125 lb. cylinders and 2000 lb.

containers. Write for technical data, and
information on prices and delivery.

i hemical

N 2 4 Oxidant for liquid

rocket propellants

Molecular weight

Boiling Point

Freezing Point

Latent Heat of

Vaporization

Critical Temp.
Critical Pressure

92.02

21°C
-11.3°C

99 cal/gm @ 21°C

158 °C

99 atm
Specific Heat of Liquid 0.36 cal/gm

-10 to 20°C
Density of Liquid 1.45 gm/ml at 20°C
Density of Gas 3.3 gm/liter

21°C, at 1 atm
Vapor Pressure 2 atm at 35°C

Ethanolamines • Ethylene Oxide • Ethylene Glycols • Urea • Formaldehyde • U. F. Concentrate—
85 • Anhydrous Ammonia • Ammonia Liquor* Ammonium Sulfate • Ammonium Nitrate • Sodium
Nitrate • Methanol • Nitrogen Solutions • Nitrogen Tetroxide • Fertilizers & Feed Supplements

Nitrogen Division

May, 1958

Department NT4-40-1 40 Rector Street, New York 6, New York
Circle No. 95 on Subscriber Service Cord. 25



A quiz for

Rocket Propulsion Engineers
(Time Limit: 10 years)

1. What is the maximum theoretical specific impulse obtainable

for a rocket motor with zero combustion volume?

2. What is the basic mechanism involved in jet separation in

nozzles, and how can the separation point be predicted as a func-

tion of nozzle divergence angle?

3. What is the effect on turbine blade design of a working gas

which is still reacting and changing its composition?

4. What are the dynamic interrelations among the various com-

ponents of a rocket engine, and what control systems will best

solve the rocket engine control problems?

5. What is the flame holding mechanism in a rocket motor and

how can fundamental understanding of such a mechanism be

used to increase reaction ratio?

6. What types of fluid transport systems offer simplicity, effi-

ciency, and light weight (other than the conventional

turbopump)?

7. What are some workable methods of translating chemical

energy into thrust — other than by the standard combustion at

high pressure and then conversion to velocity?

If you would like to work in these areas and have an outstand-

ing technical background, an inquiring mind, and the creative

ability to visualize new solutions, possess a M.S. or Ph.D. degree

in Physics, Chemistry, M.E., A.E., Ch.E., E.E., or a B.S. degree

in the above with a thorough background in applied research, we

have a place for you at Rocketdyne.

Please write to Mr. D. E. Jamieson, Engineering Personnel,

6633 Canoga Avenue, Canoga Park, California.

ROCKETDYNE Ik
A DIVISION OF NORTH AMERICAN AVIATION, INC.

BUILDERS OF POWER FOR OUTER SPACE

. . . confrocfs

Research Institute was awarded $182,500 for
basic and applied research In fuels and
lubricants. R. G. LeTourneau, Inc. received
$84,459 for Corporal system repair parts for
United Kingdom program. Ralph M. Par-
sons Co. received $64,831 for instrumenta-
tion for hangar. Douglas Aircraft Co. re-
ceived $70,848 for repair parts for Nike
system. Firestone Tire & Rubber Co. re-
ceived $53,000 for guided missile surface-to-
surface. North American Aviation, Inc. re-
ceived 2 contracts totalling $161,000 for
rocket engines. Gil fill an Bros., Inc. received
three contracts totalling $124,919 for fur-
nishing repair parts for the Corporal missile
system.

By Los Angeles Ordnance District, U.S.
Army: North American Aviation, Inc. re-
ceived 3 contract awards ($200,000; $50,000;
$120,000) for rocket engines. Douglas Air-
craft Co., Inc., received $55,861 for repair
parts for ivtfce system. Gilfillan Bros. Inc.,
was awarded $46,080 for replenishment re-
pair parts for the Corporal missile. North
American Aviation Inc., received $256,703 for
digital computer. Firestone Tire & Rubber
Co., was awarded $28,603 for guided missile,
surface-to-surface. Reynolds Industries, Inc.,
received $30,949 for technical equipment.
Douglas Aircraft Co. Inc., received $294,521
for Honest John Improvement program. Gil-
fillan Bros., Inc., received $44,557 for emerg-
ency and blue streak requirements of spare
parts for Corporal missile system. Topp In-
dustries, Inc., received $135,739 for angle of
attack transducers. Lear Inc. received $146,-
136 for gyroscope. Reynolds Industries, Inc.,
received $30,949 for technical equipment.
Douglas Aircraft Co. Inc., received $294,521
for Honest John improvement program.

Gilfillan Bros. Inc., received $44,557 for
emergency and blue streak requirements of
spare parts for Corporal missile system.
Topp Industries, Inc., received $135,739 for
angle of attack transducers. Lear, Inc. re-
ceived $146,136 for gyroscope. Gilfillan Bros.
Inc. received 5 contracts totalling $380,576
for furnishing and delivering of replenish-
ment repair parts for Corporal missile
system. Firestone Tire & Rubber Co., re-
ceived $86,931 for replenishment repair parts
for guided missile, Artillery M2, and related
ground handling equipment. Aerophysics
Development Corp., received $494,000 for
reports for drop test of Jupiter nose cone,
individual and final. G. M. Giannini & Co.
Inc., received $60,780 for pressure trans-
mitters.

By New York Ordnance District: Western
Electric Co. Inc., received $85,932 for Nike
spare parts and components. Llnde Co. Div.
of Union Carbide Corp. received $367,583 for
nitrogen converter. Tenney Engineering,
Inc. received $47,377 for environmental test
installation.

By Army, Chicago Ordnance District: Ameri-
can Machine & Foundry Co., has been
awarded $59,910 for thruster supply con-
tract. A. O. Smith Corp. received $80,850
for nitrogen receivers supply contract.
Flexonics Corp. received $26,000 for supply
contract expansion joints and hose assembly
for missile. D. W. Onan & Sons, Inc. re-
ceived $31,605 for repair parts for launcher
rocket.

By Army: The Martin Co., Orlando Fla.
received $16 million for production of La-
crosse guided missiles and related equip-
ment. Burroughs Corp. of Detroit received
$3,891,027 for production of electronic com-
munications equipment.

The Martin Company announced that Hal-
lamore Electronics Co., a division of the
Siegler Corporation of Anaheim, Calif., has
received a $3 million addition to its con-
tract for instrumentation and field test
equipment work on the USAF Titan Inter-
continental Ballistic Missile.

By Purchasing and Contracting Division:
The Perkin-Elmer Corp., received $61,960 for
infrared rapid scan spectrometer.

By Secondary Items Section, Industrial
Division, Redstone Arsenal: The Waco Air-
craft Co. received $51,464 for skin assembly.

By Redstone Arsenal, U.S. Army: Linde Co.
Dlv. of Union Carbide Corp., was awarded
$117,300 for liquid nitrogen and liquid
oxygen. Thlokol Chemical Corp. was awarded
$29,025 for development and delivery of
XM9E1 Jatos; $35,000 for facilities for de-
velopment, manufacture & delivery of TX62
rocket engines; $152,407 for design and de-
velopment of solid propellant vernier engine.
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FOR THE FIRST Tl a new 4PDT relay to

meet all requirements

of MIL-R-25018!

Don't compromise with the Class C, Type II, Grade 3 re-

quirements of MS 24114-9, MIL-R-25018. You don't have
to any more. Now Union Switch & Signal has a 4PDT,
rotary-armature relay designed to meet these specifications

completely. It is the first of its type to do so. In fact, it

exceeds some of the rugged requirements.

Here is the kind of performance you can expect from this

new relay:

High operating temperature. Even at an ambient temperature

of 200° C, this relay gives optimum performance. The use of

ceramic material provides consistently high insulation re-

sistance. As a result, you can install this relay closer to

engines. You often can use it without temperature con-

trolled boxes. Always, you will find it supremely rugged

and reliable.

High in shock resistance. This new UNION Relay with-

stands shock greater than 55 g for 11 milliseconds—and con-

tinues to operate. In vibration tests, it shows no contact

chatter up to 2,000 cycles at an acceleration of 25 g.

New high in contact reliability. Contact reliability of this

relay is six times that of comparable devices because of its

new 2-button, bifurcated contacts. Bifurcation also increases

current carrying capacity (each button easily handles a
full 2-ampere load) . . . and makes gold alloy contacts prac-

tical for both low- and high-level loads.

Contact reliability is enhanced, too, by the ceramic insula-

tion which contains no volatile material to contaminate

contacts and by separate hermetic sealing of the magnet coil.

New torsion-type rotary-armature suspension improves re-

sistance to thermal shock . . . increases reliability over the

entire temperature range . . . and greatly extends the op-

erating life of this new 4PDT relay. Call or send the coupon
for complete information about this and other miniature

relays manufactured by Union Switch & Signal.

--COMPLETE FACTS"

Union Switch & Signal,

Division of Westinghouse Air Brake Co.

Pittsburgh 18, Pennsylvania

Please send the following:

Complete description of your new 4PDT relay which meets every requirement

of MIL-R-25018. Catalog of other miniature dc and ac relays which you manu-

facture to MIL-R-25018, MIL-R-6106C, and MIL-R-5757C requirements. Q De-

scription of your Digital and Alpha-Numerical Indicators for data display.

Name

Position

Firm

Address

City

Also, put me on your technical mailing list.

See our Booth #2122-2124 at IRE Show-New York City

B3
UNION SWITCH & SIGNAL
DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY nnani

Circle No. 96 on Subscriber Service Cord. PITTSBURGH 18, PENNSYLVANIA



HITCO Insulation Products are designed

... lemperatures up to 5000°f.l

HITCO designs and produces a complete line of

High Temperature Insulation Products for the

demanding requirements of Missiles and Rockets.

HITCO's THOMPSOglas is a formed High-Density

Fiberglas, designed for shock and vibration absorp-

tion and thermal protection of instrumentation and

missile guidance system components.

REFRASIL High Temperature Laminates and

REF'RASIL Insulating Blankets are other HITCO
contributions to America's Missile Program.

Write or call our Research and Development

Engineers for help in solving your special missile

insulation problems.

WRITE FOR FREE NEW CHART!
Covers all basic types of fibrous

insulation and their temperature ranges

from -300° to +3000" F.

H.I. THOMPSON FIBER GLASS CO.
1733 Cordova St., Los Angeles 7, Calif.

Phone REpublic 3-9161

WRITE OR CALL YOUR NEAREST HITCO REPRESENTATIVE
EASTERN: Tom Kimberly, 38 Crescent Circle, Cheshire, Conn., BRowning 2-6544

Fred W. Muhlenfeld, 6659 Loch Hill Road, Baltimore 12, Md., VAIley 5-3135

MIDWEST: Burnie L, Weddle, 1347 Pennsylvania St., Indianapolis 2, Ind., MEIrose 5-5607

SOUTHWEST: Marshall Morris, 2850A W. Berry, Rm. 14, Fort Worth, Texas, WA 4-8679

NORTHWEST: J. L. Larsen, 5757 Oaklawn Place, Seattle, Wash., MOhawk 9311

CANADIAN PLANT: THE H. I. THOMPSON CO. OF CANADA LTD., 60 Johnston Street,

Guelph, Ontario, Telephone: TAylor 2-6630

CLOTH SLEEVING TAPE YARN

REF'RASIL "Pre-Formed" and
"Wrap-around" Insulating

Blankets are preferred by

the majority of aircraft and

jet engine manufacturers all

over the world!

THOMPSOglas y
Formed High-Density Fiber-

glas is designed for Thermal

and Acoustical Insulation,

and is a versatile protective

insulation Material for a

variety of Aircraft and
Missile applications.

HITCORE Honeycomb
In Stainless Steel and a

variety of other materials.

Various thicknesses, core

sizes and foil gages can be

combined to meet your spe-

cial requirements.

THERMO-COUSTI
Removable Insulating Blan-

kets combine top Acoustical

and Thermal insulating effi-

ciency with convenient flexi-

bility for ease of installation

and removal in jet airliners,

cargo and Military Aircraft.

« REINFORCED PLASTICS
For Military, Industrial and
Commercial Products.
REF'RASIL Cloth, combined
with High Temp Resins, is

possible liner for Missile
uses. Typical High Temp Air-

craft parts shown.
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. . . contracts

Rohm and Haas Company received $214,800
for research & development of solid pro-
pellant rocketry. Consultants and Designers,
Inc. received $370,000 for 6100 additional
man-hours of engineering services.

By U.S. Army Signal Supply Agency:
Armour Research Foundation of Illinois
Inst, of Technology was awarded $84,357 for
research work pertaining to radar gener-
ated interference. RCA Service Co. Inc. re-
ceived $31,916 for installation and operation
of radio equipment for propagation studies.
Cook Electric Co., received $82,447 for re-
search for Nike I electronic parts. Belock
Instrument Corp., received $28,654 for in-
vestigation Army Signal System Interfer-
ence. New York University, College of
Engineering, received $209,988 for research
to supply technical and secretarial per-
sonned for the Advisory Group on Elec-
tron Tubes. Kaysam Corp. of America re-
ceived $45,352 for research for investiga-
tion of the physical characteristics of bal-
loons and balloon materials. Dewey and
Almy Chemical Co., Div. W. R. Grace &
Co., received $38,710 for balloon high alti-
tude. Emerson Research Labs. Div., Emer-
son Radio & Fhono. Corp., received $123,067
for millimeter communication equipment.
Hewlet-Packard Co., was awarded $115,105
for high frequency oscilloscope. Dynac, Inc.
received $79,302 for generators. Philco Corp.
received $25,600 for retma transister. The
James Knights Co., received $41,693 for fre-
quency standard, high stability. Sylvania
Electric Products, Inc. received $90,000 for
magnetron, QK-362A, wlgh SM connectors.
The Machine & Tool Designing Co., re-
ceived $53,248 for studies of piezolelectrlc
crystals. Arcs Research & Development
Corp., received $68,798 for transformers. Air-
borne Instruments Laboratory, Inc., re-
ceived $33,680 for hydrogen line receiver.
The State Board of Higher Education of
Oregon State College received $30,926 for re-
search for Investigation on Army Weather
Observation. Bendix Aviation Corp. received
$863,668 for wind measuring set. Armour
Research Foundation of 111., Institute of
Technology, received $87,656 for research
and development of miniature RA cables
and connectors.

By U.S. Army Engineer Division: James
Farina Corp., received $200,685 for Construc-
tion of field unit integration facilities at
twelve Nike sites. Anderson-Nichols Co., was
awarded $80,040 for SAC missile facility,
Ethan Allen AFB. The Bridge Construction
Corp. received $166,720 for alterations and
additions for Nike for Lorlng AFB defense
area.

By Army Map Service, Corps of Engineers,
U.S. Army: Hal Peterson, DBA International
Aerial Mapping Co., was awarded $182,020
for Western U.S.S.R. topographic map com-
pilation.

By District Engineer, U.S. Army Engineer
District: J. W. Bateson Co. Inc. received
$676,531 for Hawk engineering and contrac-
tor facilities. V & N Construction Co. re-
ceived $153,981 for storage, base and rocket
assembly; Walker Air Force Base.

By U.S. Army Engineer District, New York,
Corps of Enginers: Middlesex Concrete Prod-
ucts <fe Excavating Co. received $143,018 for
improvement program special AAA facili-
ties. Nassau Construction Co. Inc., received
$60,200 for improvement program special
AAA facilities. Grant Park Construction
Co. received $145,353 for Improvement pro-
gram special AAA facilities. Heroes Ex-
cavating and Contracting Corp. received
$195,814 for special AAA facilities, conversion
of Nike Ajax to Hercules.

By U.S. Army Engineer District, Philadel-
phia: Keane Construction Co. Inc., was
awarded $276,468 for construction of conver-
sion to Nike-Hercules In the Philadelphia
Defense Area. Peterson, Garbl & Joseph, Inc.
received $147,000 for construction of high
altitude training building, Little Rock AFB.
Hardee Construction Co. Inc. received $119 -

655 for high altitude training building,
Carswell AFB.

By U.S. Army Corps of Engineers, Office of
the District Engineer: Toltz, King, Duvall,
Anderson and Associated, Inc., was awarded
$80,800 for contract plans for four Nike In-
stallations. Consolidated Diesel Electric Corp.
received $5 million for ground support elec-
trical generators.

By U.S. Army Engineer District, Mobile,
Corps of Engineers: Blount Bros. Construc-

May, 1958
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op' por • tu' ni • ty

KEY OPENINGS IN 4 ADVANCED ENGINEERING AREAS AT VOUGHT

ADVANCED WEAPONS

This Vought division is planning, analyz-

ing and proposing new concepts in missile

and fighter weapon systems. Here, tactical

requirements are established for new wea-
pons, feasibility studies conducted, and
proposals prepared.

Select openings exist in both the Ad-
vanced Missile Technical Group and the

Advanced Aircraft Technical Group.
These are responsible positions for engi-

neering specialists and for design engi-

neers up through lead level. Following
are requirements for 5 openings which are

typical of others in these groups:

Electro-mechanical Systems Analyst. A.E.,

E.E., or M.E. (advanced degree preferred)

with 8 to 10 years experience in analyti-

cal design of guidance controls, flight

mechanics, dynamics, or comparative ap-

plications of applied math. To study ad-

vanced weapon systems for guidance, con-
trols, autopilots.

Radar System Engineer or Specialist. A.E.,
or E.E. (M.S. preferred) with at least 7

years experience in systems and/or design
for radar and fire control. To make high-
level studies of advanced guidance and
control systems.

Advanced Weapons Staff Engineer. Ph. D.
preferred, with at least 10 years back-
ground in guidance or navigation and
control systems. To develop completely new
concepts in guidance, navigation, or control
systems.

Electro-mechanical Systems Engineer or
Specialist. A.E., E.E., or M.E. (advanced
degree preferred) with at least 7 years
experience in autopilot, flight control, sta-

bility systems and inertial guidance sys-

tems and design work. To make high-
level technical studies of various control
and stabilization systems for advanced
weapons.

Advanced Weapons Engineer. A.E., E.E.,
or M.E. (M.S. desirable) able to develop
methods for dynamic stability and stabili-

zation studies. To join in, or direct, studies
in stabilization, dynamic stability, missile
and airframe configurations, and to make
flight path and trajectory analyses. All in
supersonic and hypersonic range.

AERODYNAMICS

Some of Vought's most vital and inter-

esting problems are in general aerody-
namics and automatic flight controls for
supersonic and hypersonic weapons. This
work involves trajectory and configuration
analyses, autopilot studies, control system
synthesis and other responsible investiga-
tions. Helpful in a number of areas are

Vought's low- and high-speed wind tunnels

with a speed range from Mach .05 to 5.0.

A limited number of additional specialists

may find assignments to match their skills

in Vought's aerodynamics activities. These
men may have general aerodynamics ex-

perience, or a good background in auto-

matic flight control systems. Illustrative of
openings available are these 2 posts:

Autopilot Engineer. A.E., E.E., or M.E.
(M.S. desirable) plus at least 3 years ex-

perience in stabilization, or autopilot and
servomechanism analysis and design. To
assist in, or direct, autopilot studies and
designs for supersonic airplanes and
missiles.

Aerodynamics Engineer. Aerodynamics
Engineer with A.E., or equivalent, and at

least 3 years experience. To work on
supersonic aircraft and missiles in aero-
dynamic analyses of performance, air

loads, stability and control, or fluid

mechanics.

ELECTRONICS

STRUCTURES

Structures work at Vought is an interest-

ing combination of research, analysis,
design and test—a mixture of practical

and theoretical problems. Model tests in

wind tunnel and on rocket sleds, together

with high-speed digital computation, are

used extensively for stress, flutter analy-

sis, and dynamic response calculations.

At lead and staff levels in this activity, a
few positions of responsibility are open.
Especially attractive to men with solid

backgrounds in applied mechanics or
mathematics, or to men with wide knowl-
edge of structural aircraft elements, are
these 3 immediate openings:

Engineering Specialist. Requires Ph. D. To
conduct R & D in structural and dynamic
loads determinations, or to apply ad-
vanced mechanics theories to the solution

of structural design problems where high
temperatures are a prime factor.

Solid State Physicist. Ph. D. preferred,
with at least 5 years experience. To assist

in studies of: corrosion control; nuclear
radiation damage; parts or systems fail-

ures for which no causes are apparent;
basic phenomena of solids leading to new
concepts.

Lead Structures Test Engineer. Engineer
(M.S. preferred) with 5 years experience

in structures or related field covering
power controls, hydraulics or hydraulic
systems, and control systems. To direct

groups of engineers in work on structural

aircraft elements, components and com-
plete aircraft, including test work and re-

port writing.

Electronics activities are broad and fast-

growing at Chance Vought. Projects in-

volve advanced guidance and control and
fire control systems for missiles and high-
performance manned aircraft. They begin
with investigations and theory and pro-
gress through systemization and packag-
ing to detailed hardware design. Key
responsibilities await additional men who
are qualified in these areas. Advanced
degrees are preferred. Following are 4
openings in this area:

Stability and Control Engineer. E.E., M.E.,
or A.E. with emphasis on flight stability

and control problems or dynamics. (Spe-
cial consideration given graduate study
or extensive experience in transients or
closed loop stability analysis.) To assist

in design of autopilot and control systems
for high-performance missiles and aircraft.

Antenna Design Engineer. E.E., or Phys-
ics Degree with demonstrated aptitude for
antenna design. To join active projects
involving design of flush-mounted, re-

cessed and external antennas at all fre-

quencies for very high-performance air-

craft and missiles.

Fire Control and Microwave Systems Engi-
neer. Requires E.E., or Physics Degree;
at least 2 years experience in radar, data
link, or fire control systems; and strong
ability in this work.

Test Equipment Engineer. Requires E.E.,

or Physics Degree and at least 2 years
experience in this or related field. (Desir-

able: broad background in electronics

design with emphasis on digital computers
or microwave systems.) To join in the
design of complete checkout systems for

missiles and associated subsystems.

To arrange for a personal interview, or for
a prompt report on these or other current
openings, return coupon to:

C. A. Besio

Supervisor, Engineering Personnel

CHANCE VOUGHT AIRCRAFT,
Dept. P-4

Dallas, Texas

I am a_

interested in the opening for_

Name

Engineer,

Address

City
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re-lent'less:

Vought Vocabulary

a missile that pierces hostile sky

to pinpoint its nuclear strike

When a target's latitude and longitude are marked on
this missile's brain, an appointment has been made.
To keep its rendezvous, the Chance Vought Regulus II

performs miracles of navigation: it will launch stealthily

from submarines — nuclear and conventional — from
surface craft and mobile shore launchers. It will com-
pensate automatically for wind and weather and for

the earth's rotation. It will detour enemy strongpoints,

outfox known counterweapons. Closing in on its quarry,

it can plummet from over 60,000 feet to smokestack

height to escape radar detection.

In minutes, Regulus II can pierce over 1,000 miles of

hostile sky to score a nuclear bull's-eye.

The first of the Navy's nuclear-driven subs, designed
to roam the seas as unseen Regulus II bases, is now in

construction. The missile itself has made over 25 suc-

cessful flights. Under Navy leash in key locations, it will

be a relentless watchdog for peace.

Scientists and engineers: pioneer with Vought in new mis-

sile, manned aircraft, and electronics programs. For details

on select openings write to: C. A. Besio, Supervisor,

Engineering Personnel, Dept. P-3.

CHANCE

c o a P O A T E D
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MEET THESE 4 CHALLENGES
1000 PSI*

HIGH FATIGUE

\N INCONEL-X
SEVERE COR

Sylphon
Searing heat. Bitter cold. Extreme
pressure. Severe corrodents. Jarring

shock and vibration. Now you can
successfully meet these challenges in

aircraft, and missile applications.
New Inconel and Inconel-X bellows,

perfected by Fulton Sylphon, give

you important advantages in design-

ing controls, valves, joints, ducts and
other components.
These nickel-chromium alloy bel-

lows possess exceptional strength and

'Depending on application.

Bellows
resistance to corrosion at high tem-
peratures. Age-hardening Inconel-X
offers superior stability and "hyster-

esis" factor. Durability tests indicate

three times the life expectancy of
similar bellows made from stainless

steel. Can be made in sizes from l%"
to 12" O.D. . . . single or multi-ply
construction . . . with complete assem-
bly if desired. Engineering assistance

for any specific application available

on request.

. . . contracts

tlon Co. received $1,506,154 for construction
of Interim troop housing at Bedstone Arse-
nal. E. F. Gunn Construction Co. received
$129,982 for construction of rocket storage.
Westlnghouse Electric Corp. received $151,-
265 for oil circuit breakers and transformers,
Eglln AFB. Moloney Electric Co., received
$43,971 for voltage regulators for Eglln AFB.

Lacrosse: The Army has let another research
and development contract In connection
with the 20-mlle-range Lacrosse. The con-
tract, amounting to $1,746,930, was awarded
to Cornell Aeronautical Laboratory, Buffalo,
N.Y. Contracts have also reportedly been
awarded by the Air Force to Food Machinery
and Chemical Corp. for launchers for the
latest version of Bomarc. Developmental
launchers were built by American Machine
& Foundry Corp. It Is also understood that
Goodyear Aircraft at Phoenix, Arizona, has
been awarded a contract to make the ground
handling equipment for Atlas.

Electronic equipment and maintenance
spare parts kits: $10,831,030 by Army to
Burroughs Corp.

Plato: $4.5 million for research and develop-
ment to Sylvanla Electric Products, Inc., by
Army.

Solid rocket development: $1.5 million to
Aerojet-General Corp., by Air Force.

Snark Launchers: $1 million to Nuclear
Products—Erco div., ACF Industries, Inc.,

by Northrop.

By U.S. Army Signal Supply Agency: Na-
tional Co., Inc. received $42,500 for fre-
quency standard atomic atomichron. Board
of Regents of University and State Colleges
of Arizona, received $30,923 for combined
study and Investigation of an experimental
transistorized distributed amplifier. Arthur
D. Little, Inc. received $25,924 for standard
"Arthur D. Little" collins helium cryostat.
Syracuse University Research Corp. received
$48,548 for research on radar sensors. Ad-
miral Corp. received $70,870 for antenna
models.
U.S. Army Engineer District, Pittsburgh,
Corps of Engineers, received $204,781 for
construction of F.U.I.F. room addition and
generator building modifications at control
area of Nike sites.

By U.S. Army Engineer District, Jackson-
ville, Corps of Engineers: Anchor Post Prod-
ucts, Inc. of Florida received $45,769 for
construction of security fence for complexes
11, 12, 13 and 14, AFMTC, Patrick AFB. Paul
Smith Construction Co. received $1,364,349
for construction of G/M lab engineering,
SM-62 and base communications buildings.
Maurice H. Connell and Associates, Inc. re-
ceived $60,000 for design of complex 29
facilities and facilities In missile assembly
building.

By Boston Ordnance District, Army Base,
Boston, Mass.: Anderson-Nichols and Co.
received $42,605 for design & development
of data-recorder Instrument.

By Rome Air Force Depot, U.S. Air Force,
Grimss Air Force Base: Collins Radio Co.,
was awarded $59,430 for single sideband
equipment for SM-75.

By Dept. of the Navy, Office of Naval Re-
search: Brown University received $25,428
for study of the three-dimensional state of
stress in elastic plates. Hughes Aircraft Co.
received $45,000 for development of a
gridded controlled electron gun. Yale Uni-
versity received $47,199 for research on the
effects of environment on the failure of
metals; $30,000 for laboratory and theoreti-
cal studies of the fluctuation of acoustic
waves In water.

By Air Force Cambridge Research Center,
Air Research and Development Command:
The University of Chicago received $30,000
for research relating to molecular structure-
high resolution spectroscopy of atmospheric
gases. Allied Research Associates, Inc. re-
ceived $64,946 for research directed toward
contrail elimination. The Johns Hopkins
University received $30,000 for research con-
cerning extreme ultraviolet gratting. North-
eastern University received $40,000 to de-
velop, modify, fabricate and test upper air
vehicle components.

missiles and rockets

CONTROLS COMPANY
Mi. Contrite *

FULTON SYLPHON DIVISION • Knoxville 1 , Tenn.
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EVEN AT VARYING ALTITUDE PRESSURES

CERTI-SEAL, AMP's all new moisture proof window connector,

prevents moisture breathing at altitude. Tin plated copper rings

are crimped over wire insulation to seal out vapors and fluids.

Made for over 100 different insulation diameters in military

specifications, CERTI-SEAL exceeds all specifications for:

• corrosion resistance

• vibration resistance

• flame resistance

tensile strength

dielectric strength

immersion tests

Send for samples and literature from:

AMP Incorporated
GENERAL OFFICES: HARRISBURG, PENNSYLVANIA
A-MP products and engineering assistance are available through wholly-owned subsidiaries in: Canada • England • France • Holland • Japan
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counters

new
three on-

shelf models

:

visual readout,

visual -f- switch,

pre determined Instant reset.

low cost-*139
for basic add-only

model 6280.

TODAY-call collect

to Bob Poole,

president

ENGINEERING, INC

MUTUAL 3237
1254 West Sixth St.

Los Angeles 17. Calif.
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missile business

by Seabrook Hull
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One thing about the missile business—It takes some traveling.

Anyhow, it does if you're going to make a go of it. The most obvious

reason for travel is sales. But there are other reasons, just as important.

For example, considering Pentagon classification, censorship, and need

to know; compounded with the natural inclination of most companies to

keep as much of the prime contract in the shop as possible; traveling is

often the only way to learn about new business in time to get it. Also,

to be a success in the missile business, you've got to sound like an ex-

pert. To sound like an expert, you must have a pretty good idea of

what's going on. The only way this is done is by hitting the trail, talking

to people, listening, pumping.

When traveling, you can also manage to keep up-to-date of who
your competition is; what new processes have been developed; who's

goofed; and where the next big contract is going to be placed. In a

word, one important phase of selling missiles requires a continuing

running market survey and analysis. You can't do this with your feet

propped on your desk. Hit the road!

The missile, rocket and space flight business is twice as big as

you think it is. Take a look at the expenditures. Missile procurement is

pegged at $2.9 billion for the current fiscal year, and at $3.3 billion

in 1959—not counting the supplemental appropriations. But this is

only section "B" of the major budget item, Category III—Major Pro-

curement and Production. This refers to the missile itself and its im-

mediate support equipment. It doesn't include other support vehicles

such as road missile transporters, fixed base liquid oxygen generators,

storage tanks, and others. It doesn't refer to based electronics such as

acquisition radar, site-to-site communications, and the like. Another

major item not included in "Category III, B" is site construction—con-

crete, black top, barracks, bunkers, sewers, waterworks, telephone

exchanges.

And perhaps most important of all, this category doesn't in-

clude research and development. This last item—major Category VI

—

will hit $1.8 billion plus this year and will top $2.1 billion in 1959. A
large hunk of both figures is for missiles, rockets and space flight.

All these extras added together will probably raise the total

missile market to twice the normally stated size. And, if you want to

add to such items as Polaris-launching submarines, missile cruisers,

Government financing of new production facilities—the market turns

out to be even bigger.

Since the Pentagon is still at a loss on the matter, we did some

looking ahead ourselves the other day at how the Federal Missile budg-

et will look after fiscal 1959. Again, we're only talking about "Cate-

gory III, B"—Missile Procurement and Production. We figure the mis-

sile, rocket and space flight market will develop something like this:

1960, $4.5 billion; 1961, $5.5-to-$6 billion; 1965, over $10 billion;

1970-75, over $15 billion. All figures are in terms of 1958 dollars and

do not include inflationary rises.

missiles and rockets
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NORTHROP AIRCRAFT. INC.. announces

THE FORMATION OF NORTRONICS

A DIVISION OF NORTHROP Al RCRAFT, INC.



NORTRON ICS
...GEARED TO THE SPACE AGE

Today, in the complex field of applied electronics, a new name, NORTRONICS, represents the combined

talents of leading scientists, engineers, and technicians with production experience and capabilities.

NORTRONICS, new in name only, is a combination of several Northrop facilities which had separately

provided technical design, development, and production of electronic systems and systems support

equipment. NORTRONICS provides a complete organization with the scientific knowledge, develop-

ment techniques and production capabilities specifically required for the space age.

Nortronics' Electronic Systems and Equipment element,

222 North Prairie Avenue, Hawthorne, California.

In this NORTRONICS facility, comprising 300,000 square

feet of plant area, Northrop established the nation's first

unmanned weapon systems project. This program devel-

oped and produced the first successful systems for inter-

continental inertial guidance. Today, airborne and ground

based digital computers, automatic flight control systems,

advanced infrared applications, and electronic and

precision optical equipment are being developed and

produced.

Nortronics' Systems Support element,

500 East Orangethorpe Avenue, Anaheim, California.

Here NORTRONICS is engaged in weapon systems

support, including electronic test equipment; launching,

loading and handling equipment; opto-mechanical fire

control and sighting devices; and the most advanced

techniques in physical countermeasures. The technology

and facilities required to support such projects are housed

in a 350,000 square foot plant area.



Compact automatic navigation system

AUTOMATIC FLIGHT CONTROL
A special research and development program of electronic miniaturiza-

tion for advanced flight control application is now in progress at

NORTRONICS. This is an outgrowth of nearly twenty years' experience

in flight control systems for manned and pilotless aircraft. The fully

powered systems on the Northrop P-61 Black Widow, the F-89 Scorpion

series, and the SM-62 Snark missile were products of what is now
NORTRONICS. These capabilities and production facilities are adapt-

able for the development of various types of flight control systems.

INFRARED INTELLIGENCE SYSTEMS
Homing systems for air-to-air missiles and infrared reconnaissance

systems are natural outgrowths of development at NORTRONICS,
following years of creative study. Considerable engineering develop-

ment has resulted in experience in the fields of critical infrared systems

and components, interference filters, reflecting optics, and sensor

refrigeration.

DIGITAL COMPUTERS
The engineering team that is now part of NORTRONICS developed

advanced digital computing techniques employing a magnetic drum
storage principle. The quadratic arc computer, identified as OUAC,
followed and is now in production for the U.S.A.F. Later NORTRONICS
engineers developed the first successful computer design employing

the moving pick-off head principle. This computer series, known as

GFC, is also in production. The requirement for lightweight, accurate

airborne parabolic arc computer systems was met with APAC, a fully

transistorized missile computer.

AUTOMATIC NAVIGATION

NORTRONICS scientists and technicians developed

and produced the world's first successful inter-

continental inertial guidance system. Aircraft and

missile guidance systems of extreme accuracy and

reliability, utilizing automatic star-tracking, are now

in production. This vast experience has led to

unique capabilities for the development of interplan-

etary navigation systems. NORTRONICS operates

complete testing and manufacturing facilities for

numerous types of automatic navigation systems.

tnertiai guidance manometer accelerometer

Autopilot simulation by advanced computer

Electronic support test equipment Precision electro-optical development

ECTRONIC TEST EQUIPMENT ELECTRO-OPTICS

Experience in the field of automatic test systems

for complex weapons includes the design, de-

velopment, and production of a complete line of

operational support equipment for the SM-62

Snark missile guidance system. Latest in a series

of successful test equipment is DATICO, a digital

automatic tape intelligence checkout system.

DATICO provides a major reduction in the time

and costs involved for the testing of all types of

weapons. The versatility of this equipment is

demonstrated by its current application to five

weapon systems.

In one of the nation's most complete optical laboratories,

NORTRONICS combines advanced navigation systems

with new developments in optical science. NOR-
TRONICS' modern optical laboratory is staffed with

specialists of outstanding and unique skill and experi-

ence. Here a wide range of precision optical elements

is produced, ranging from simple prisms to specially

designed test equipment ?nd precision lenses. At pres-

ent, these NORTRONICS scientists and technicians are

specifically qualified to conduct advanced research for

interplanetary navigation.

High precision optical test equipment

ENVIRONMENTAL TEST FACILITIES

The wide range of environmental conditions encountered by all

types of electronic systems can be duplicated by NORTRONICS'

extensive test facilities. Extremes of temperature, altitude,

humidity, pressure, and sound frequency are simulated, as well as

combinations of random and sinusoidal vibrations that occur during

flight. Additional NORTRONICS testing equipment is constantly

being designed and developed to meet changing requirements.



A DIVISION OF NORTHROP AIRCRAFT. INC.

Military Otecontrol equipment

FIRE CONTROL
AND SIGHTING DEVICES

Experience in fire control devices and sighting

sub systems at NORTRONICS covers a wide

range of production items. NORTRONICS has

engineered, designed, tooled, and volume pro-

duced telescopes, periscopes, range finders,

plotting devices, and calibration and alignment

fixtures for military and industrial applications.

LAUNCHING, LOADING AND
HANDLING EQUIPMENT

The capabilities of NORTRONICS coverthe com-

plete range of research, design, development,

production and service of universal handling

equipment for major weapon components. NOR-

TRONICS is currently supplying Raytheon

Manufacturing Company with pallets, loaders,

launchers, and tactical containers for the Hawk

missile, and has participated in other similar

programs.

Weapon systems support equipment

SUPPORT SYSTEMS
DEVELOPMENT

The design of support equipment must reflect

understanding of the weapon, its operational and

maintenance concepts, and the facilities and

skills of its field operators. NORTRONICS' expe-

rience with military specifications, contracts and

documentation, operational concepts, and the

design and production of weapon systems sup-

port equipment provides maintainable precision

support equipment having high reliability.

NORTRONICS
...6EARED TO THE SPACE AGE

Scientific knowledge of the highest degree, proven development techniques, and

precision production abilities are demanded in today's space age. NORTRONICS,

the new Division of Northrop Aircraft, Inc., is a unique combination of these required

capabilities. Here are the scientists and engineers who have created such outstanding

achievements as the world's first successful automatic intercontinental missile

guidance system, now being produced by NORTRONICS' skilled technicians. Explora-

tion and discovery in every field of aerial science and weapon systems is represented

in the combined experience of NORTRONICS.

1 - NORTRONICS is a complete organ-

ization. Itoffers systems analyses, applied

research, design, development, engi-

neering, laboratory and flight testing. It

offers special environmental test facili-

ties, assembly line manufacturing, pro-

duction of training aids and technical

publications, and field services.

^— The Engineering and Research staff

of NORTRONICS includes over 450
scientists and professional engineers.
More than 4,500 experienced people work
in 650,000 square feet of plant area.

3-NORTRONICS designs, develops,
and manufactures electronic, electro-
mechanical and opto-mechanical sys-
tems, components and ground support
equipment. In 1957, sales amounted to

$60,000,000.

•t-Advanced engineering research
at NORTRONICS has resulted in the

development and production of several

types of highly refined analog and digital

computers for both airborne and ground

based applications.

S— Extensive experience makes NOR-

TRONICS an important source of weapon

systems support equipment. Now in pro-

duction, for example, is electronic and

mechanical ground support equipment

for leading United States missiles.

G- NORTRONICS' completely equipped

optical laboratory is manned by tech-

nicians with unique skills and experience

in developing high precision optical

elements and systems.

T-NORTRONICS' scientists and engi-

neers pioneered in celestial and medial

guidance and navigation systems. This

experience is particularly applicable to

the development of infrared guidance

and interplanetary navigation systems.

The research facilities as well as the development and manufacturing capabilities

of NORTRONICS are now supporting U.S. science, industry and military services.

For further information write to: NORTRONICS, A Division of Northrop Aircralt,

Inc., 222 North Prairie Avenue, Hawthorne, California.



west coast industry

by Fred S. Hunter

Half-ton U.S. Satellite?—There have been reports in Pasadena,

where Caltech's Jet Propulsion Laboratory is located, that the Army
is undertaking a full-scale satellite program aimed at orbiting a half-

ton satellite before the International Geophysical Year ends. And
Marvin Miles, the Los Angeles Times aviation editor, has been try-

ing to find out if JPL is engaged in a study for a solid propellent

ICBM for the Army. But he got no clues from Dr. William Pickering.

In answer to Miles' question, the JPL director merely pointed out

that the facility does not engage in projects as such, but rather per-

forms the research paving the way for desired achievements. Miles'

guess is that JPL actually is researching the possibilities of a solid

ICBM for the Army.

More to come—J. L. Atwood, North American Aviation president,

made an interesting observation at the annual stockholders' meeting.

NAA's Rocketdyne division, he said, "has only begun to scratch the

surface." It is going on to larger and more efficient engines. Another

point: "There is a distinct and discreet division between liquid and

solid propellant engines." Liquids are better for large engines; solids

are advantageous for smaller engines, he explained.

What's in a name?—Marquardt Aircraft Co. calls its new research

division ASTRO, which, of course, is a combining form from the Greek

"astron" for star, but at Marquardt it means Air-Space Travel Research

Organization. Roy Marquardt, incidentally, believes air-breathing en-

gines accelerating to satellite velocities within the atmosphere will sup-

ply a very efficient way of setting up and servicing a manned space

platform, which, he adds, will almost certainly be established within

the next 10 years, "leading to colonization of our planets within our

lifetime."

But if you think it would be romantic to go to the moon, listen

to this observation from H. Guyford Stever, chairman of the Scientific

Advisory Board committee on space technology: "Personnel assigned

to scientific observations from moon stations will find it about as inter-

esting as Thule Air Force Base."

Ramo-Wooldridge is sounding a new note in its personnel procure-

ment advertising. Its help-wanted ads announce that its reconnais-

sance-data processing programs have created openings for engineers

experienced in photogrammetry and in photo interpretation.

High cost of gyros—William R. Whittaker, president of Telecom-

puting Corp., told stockholders at the annual meeting that 10% of

a Nike's cost is in its gyros. All of the Nike's gyros are produced by

Telecomputing. "You can see what a nice business this is," he said.

Telecomputing is now getting into production on gyros for the up-

graded Hercules.

May, 1958

Cast aluminum

missile fins call for the

ultimate in accuracy and finish.

If you require tolerances,

physicals, or smoothness

beyond the ordinary

you should be interested

in the unusual

foundry methods of

Morris Bean & Company

Yellow Springs 11, Ohio

Circle No. 1 1 on Subscriber Service Card.

41



Snap-Tile coupling in

disconnected position,

valve closed

Here is a specially designed Snap-Tice quick-connect, quick-

disconnect coupling, ideal for use in missile-fueling systems.

This unit is specifically designed to be manual-connected . .

.

can also be disconnected manually, or by use of an air-

actuated remote control.

NOT A DROP SPILLED!
When the coupling is disconnected, it spills only that small

amount of fluid which clings to the metal. The valves in both

the coupler and nipple automatically shut off when dis-

connected, with no leakage.

NO AIR INCLUSION!
Coupling operation encloses only a minute amount of air.

MINIMUM PRESSURE DROP
Smooth, streamlined passages assure maximum flow.

Variations of this coupling, to meet your required specifica-

tions, can be furnished with the appropriate seals to handle

liquified gasses, exotic fuels, and a large variety of fluids with

working pressures up to 3,000 PSI and temperatures from

— 300°F to -f-400°F. Units have been designed up to and

including 5" size.

STANDARD COUPLINGS, TOO!
Your coupling needs might not be as critical as the coupling

shown here, but you can be sure, when buying standard

Snap-Tite couplings, that the same outstanding engineering

and manufacturing skills are basic throughout the Snap-Tite

line. Write for complete catalog ... or describe your specific

coupling problems. Snap-Tite, Inc., Union City 12, Pa.

SNAP-TITE COUPLINGS CAN HANDLE
ALMOST ANYTHING THAT FLOWS
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Experience—the added alloy in A-L Stainless, Electrical and Tool Steels

384 pages of practical data from Allegheny Ludlum

Here's the newest addition to A-L's technical library. It

incorporates the knowledge gained by being the leading

producer of stainless steel ever since the industry was born,

and the experience gained by working with all of the leading

stainless steel fabricators.

"Stainless Steel Fabrication" is a case-bound, 384-page

handbook for your working library. It contains the latest,

detailed information on: CUTTING, JOINING, COLD
FORMING, HOT FORMING, MACHINING, HEAT
TREATING, SURFACE TREATING.

With 308*photographs and drawings and 121 tables, this

new book suggests to old timers new ways to make opera-

tions more efficient. For newer men it's a practical textbook

on all operations from working mill forms to finished parts.

If you would like to receive a free, personal copy of the

384-page handbook "Stainless Steel Fabrication," contact

your A-L sales engineer. Or write on your company letter-

head: Allegheny Ludlum Steel Corporation, Oliver Bldg.,

Pittsburgh 22, Pa. Address: Dept.MR-5.

<lay, 1958

ALLEGHENY LUDLUM
for warehouse delivery of Allegheny Stainless, call RYERSON

Export distribution: AIRCO INTERNATIONAL

EVERY FORM OF STAINLESS . . . EVERY HELP IN USINS IT

Circle No. 10T on Subscriber Service Card. 43



ELECTRONIC-OPTICAL RECORDING EQUIPMENT

A NEW BREAKTHROUGH IN DATA RECORDING
...combining 10-channei Magnetic-Tape with optical-Motion-Picture Data, on a single

"Datasync" Film for immediate and reliable self-synchronized readout, only minutes

after recording!

Can record up to 240 million cycles of analog or digital information synchronized

with 48,000 color motion-pictures, all on one 33-minute reel of "Datasync" Film.

Ideal for military and industrial applications. Compatible with telemetering, data

reduction and processing equipment already in use. Datasync performance

and reliability are guaranteed by Berndt-Bach's experience in manufacturing

Electronic-Optical Recording Equipment since 1931.

A D I V ON OF

BERNDT-BACH, INC.
6904 Romaine St., Los Angeles 38, Calif. • HO. 2-0931
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FAIRCHILD'S high speed Motion

Analysis Camera, now with a

400-foot film capacity, is especially

useful for work where reloading is

impractical, or where longer

inspection periods are required.

Here's why:

Stop-start operation at all speeds,

exclusive in Fairchild cameras,

permits multiple bursts without

continuous exposure of the entire

spool. The camera can be loaded in

daylight with either black-and-

white or color film. You can select

from a series of quickly inter-

changeable motors providing ranges

of film speeds from 10-80 pps to

800-8000 pps. Lenses from 3.7

to 152 mm. are available, in

focusing mounts with bayonet

lock. Weight is 24 pounds.

For more complete

information on the HS401

Camera and its many useful

attachments . . . plus the

latest data on high-speed

photography . . . mail the

coupon today.

• To develop films quickly, use

the Fairchild "Mini-Rapid 16"

Processor. This completely automatic

unit can develop and dry 100' roll

of film, ready for examination and

screening, within 20 minutes.

Adjustments for differences in

exposure or other variables can be

made during development.

-pIRC-HILD
CUMERR RND INSTRUMENT

CORPORBTION

Free Quarterly Newsletter

"WHAT'S NEW IN PHOTO-INSTRUMENTATION?"

Fairchild Camera & Instrument Corporation

Industrial Camera Division, Dept. 7M
5 Aerial Way, Syosset, L. I., N. Y.

Please send me full information on MAC and include your free

newsletter "What's New in Photo-Instrumentation."

Street-

City-

May, 1958
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Extruded Shape
Formed and Flash
Butt-Welded . . .

the Low-Cost Way
to Make this 268 lb.

Stainless Steel Ring

By using extruded or mill-rolled shapes and flash butt-

welding, American Welding can frequently help cus-

tomers slash production costs of their circular products

over other methods of manufacture. Savings in expen-

sive metals are substantial, plus sizable reduction in

machining time. And where some of the more difficult

metals to weld — such as titanium, aluminum, zircon-

ium, stainless and heat-resistant alloys — are required,

American Welding has the special knowledge and equip-

ment to do those difficult jobs to your specifications.

The use of flash butt-welded rings, bands, and assem-

blies has saved millions of dollars for jet engine manu-
facturers . . . why not investigate what economies it can

mean to you. If it's circular and of metal — call American
Welding first!

NEW PRODUCTS CATALOG AVAILABLE. Write today for 20-page

catalog illustrating the many types of circular products American

Welding can form, weld and machine for you.

H 4 *l

AMERICAN WELDING
THE AMERICAN WELDING & MANUFACTURING CO.

S54DIETZ ROAD WARREN, OHIO

46 Circle No. 103 on Subscriber Service Card. missiles and rockets



Washington trends

by William O. Miller

Reluctant brides might be one way of describing the three services, in regard to the Presi-

dent's reorganization proposals. Just how unpleasant the word "reorganization" sounds de-

pends on whose shop you're in—with the Navy the most reluctant and the Army in the middle.

Since the President pointed his finger at them, the information offices are watching and

waiting. As far as can be determined, none of the information chiefs have been consulted.

One thing seems sure—if the information merger goes through, security review activities will

be greatly increased. Increased security or censorship will result, depending on how you look

at it. The general feeling in all services is that turmoil will come just as the stormy common
law marriage of the Services and DOD was beginning to work.

The second most important word—after reorganization—in Washington is "space," but

there seems to be some difficulty in defining it. Every witness called before the new House

Committee on Astronautics and Space Exploration were asked the same questions: "Where

does space begin?" "How far should the Committee's jurisdiction extend?" Answers varied

from witnesses Wernher Von Braun and Dr. Hagen. Von Braun suggested the Committee

should stick to the solar system.

A new air-to-air missile system is being sought by the Navy as the answer to rising costs

of high-speed aircraft. BuAer spokesmen say competition has been launched in an effort to

enable missiles to carry out a larger part of interceptor duty. Fighters now being considered by

the Navy carried small-lot price tags ranging up to almost $10-million each.

Liquid rocket auxiliaries for fighters and attack aircraft are becoming more important. The

Navy still has not announced the winner of competition for a successor to the AR-1, but

indications are that one of the first planes to use the new booster will be North American's

A3J. Use of liquid rocket auxiliaries is slated for several other types.

A single specification for procurement of engineering drawings, to become effective within

a year, is the latest goal of the Defense Department. At present, engineering drawings are

prepared in accordance with about 28 different specifications. Two questions are being asked:

"Who's going to pay for the standardization, and what is going to happen to the old draw-

ings?" It takes about 30,000 drawings for the guidance system of a medium sized missile.

Improved packaging of liquid fuels is prompting more serious consideration of liquids as

opposed to solids for missiles at both ends of the rocket spectrum. Development of an effi-

cient cartridge-type loading for liquid fuels may replace solids in smaller birds. Reports say

liquids may be considered for several of the air-to-air and air-to-ground missiles. The ability

to control thrust of liquids keeps liquid fuel in the longer-range missile despite the fueling

process. RMI is believed to be spearheading development in this field.

Postscript: There is no space for the Senate Space Committee on Capitol Hill—it is tem-

porarily holding forth in the Home Owners Loan building.

May, 1958 47



BRUNSWICK HAS A FILAMENT-WOUND "NOSE" THAT IS NEWS

!

When the Lockheed Q5 plummets
earthward, it plunges its one-piece

filament -wound radome-boom into

the ground. The tail remains sky-

ward with instruments unharmed.
This requires a radome-boom (nose)

of steel-like toughness and strength,

yet one which must be precise to

± .002 inch to meet the "optical" re-

quirements of its microwave system.

While this was a difficult problem
indeed, it is typical of the tough

assignments that are routine with

Brunswick. The one-piece radome-

boom of the Q5, wound by the top

secret Strickland "B"process, exclu-

sive with Brunswick, substantially

contributes to the enormous savings

of military dollars made possible

by the unique Q5 recovery system.

This outstanding "breakthrough" in

reinforced plastic technology is but

one of many ways in which Bruns-

wick research and production gen-

ius is helping to secure freedom.

For details on how Brunswick can
help solve your problems, address:

The Brunswick-Balke-Collender
Company, Aircraft Division, 623
So. Wabash Ave., Chicago 5, Illinois.

BRUNSWICK
MAKES YOUR IDEAS WORK
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Top Personnel Shortage Worries Industry

Government officials concerned as rising

appropriations force greater work-load

on small staffs of management-scientists

by William O. Miller

Of growing concern to both the

military and industry is the increasingly

limited number of men available who
have the technical knowledge and man-
agerial skill needed to develop and

produce missiles.

Top levels in the Department of

Defense are well aware that increasing

the work-load of qualified personnel

now on the payroll can result in a di-

minishing return, despite larger and

larger appropriations by Congress.

As one remedy, the suggestion has

been made that Advanced Research

Projects Agency, or a similar agency,

be empowered to screen new projects

and developments in already active

programs. The screening not only

would be in regard to defense require-

ments, but also would consider avail-

able personnel and facilities.

Secretary of Defense McElroy, in

a recent speech before the National

Press Club, said that approximately

50% of the qualified technical per-

sonnel now available are already work-
ing on military or government-backed
projects.

Those who know say this availabil-

ity of scientists and engineers is about

the limit of those who can be paid

and persuaded to work on such proj-

ects—at least without a specified draft

program.

Of slightly less concern but still

important, is the pool of managerial

talent which can be drawn upon to

handle the special problems and con-

siderations inherent in a rapidly ex-

panding missile industry.

One Navy spokesman said, "The
happy combination of managerial and
technical ability that can undertake

large rocket projects, particularly in

the solid propellant field, is rarer than

you might think."

Obviously, this was said in reference

to possible siphoning off of personnel

presently employed on programs such

as Polaris, for use in development of

other large solid propellant vehicles

like Minute Man, Pershing and others.

Continuing, the Navy spokesman
said:

"If you don't think this is true,

just read the want-ad pages of our

major metropolitan newspapers after a

contract is let for research and develop-

ment. You will see how the various

companies are forced to bid for per-

sonnel already employed by similar

orgainzations.

"In the national interest, future

proposals for large rockets must be

considered not only with an eye to

overall defense planning, but also in

view of the personnel and facilities

available to develop such projects."

Knowledgeable personnel is further

limited in military research and de-

velopment agencies, and in the ranks

of sub-contractors whose contributions

can make or break a project. At the

moment, there are some 48 missile proj-

ects in the works or in development.

• How many and who—A recent

unofficial survey of key personnel in

solid propellant and allied rocketry

shows the total employed and where

they are located:

Service program management and plan-

ning groups:

Navy—E. Mitchell (BuOrd)
R. Roberts (ONR)
Capt. L. Smith (Special Projects)

Cmdr. W. J. Corcoran (Special

Projects)

Army—R. C. Swann (Redstone)

C. M. Hudson (Army Ordnance)

J. A. Chalmers (Army Ord-

nance)

N. Klein (Army Ordnance)

J. W. Dawson (OOR)
USAF—W. C. Fagan (WADC)

Maj. W. Henderson (ARDC)
Col. A. N. Hall (BMD)
Col. P. G. Atkinson (OSR)

Top-level non-service technical manage-
ment in charge of large active programs:

A. Aerojet^R. D. Geckler

Thiokol—H. Ritchey

Grand Central—C. Bartley

Phillips Petroleum—E. Fiock
Olin-Mathieson (Reaction Mo-
tors)—J. J. O'Neil, G. Mil-

ler, Dr. Herndon
Atlantic Research—A. C. Scur-

lock

Standard of Indiana—Wayne
Proell

Ramo-Wooldridge—B. Adelman
B. Allegany Ballistics Laboratory-

—

C. D. McKinney, R. Winer
Jet Propulsion Laboratory—P.

L. Nichols, Jr., F. E. Goddard
Rohm and Haas at Redstone

—

A. R. Deschere, H. M. Shu-

ey, W. D. Niederhauser

Applied Physics Laboratory

—

W. Avery
C. NOTS—H. Hunter, W. McEvan

NPF—S. Skolnik

NOL—P. M. Fye
Redstone—R. C. Swann
Picatinny—A. Frye, C. S. Da-

vis, A. Lopresti

Scientists with broad background in

solid propellants who contribute on a

"consultant" basis:

W. Avery (APL)
L. G. Bonner (Hercules)

F. T. McClure (APL)
B. Crawford (Minnesota)

F. H. Westheimer (Harvard)

Frank Long (Cornell)

Wendall Jackson (DuPont)
A. M. Ball (Hercules)

G. Kistiakowsky (Harvard)

H. W. Emmons (Harvard)

R. H. Olds (NOTS)
S. I. Cheng (Princeton)

A. J. Stosick (Union Carbide)

D. Altman (Aeronutronics)

B. H. Sage (Calif. Inst. Tech.)

John Kincaid (Rohm & Haas)
A. L. Antonio (GT & R)
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E. T. McBee (Purdue)

Clayton Huggett (Rohm & Haas)

M. J. Zucrow (Purdue)

B. Lewis (Combustion & Explosives

Research, Inc.)

Persons in immediate contact with spe-

cific areas of propellant work:

A. Propellant development

Polyurethane composites—K.

Klager (Aerojet), P. L. Nichols

(JPL)
Thiokol composites—R. S. Ar-

randale, J. W. Wiggins (Red-

stone), E. Sutton (Thiokol)

Polybutadiene-acrylic acid, co-

polymer composite—E. Japps

(Goodrich)

Plastisol composites—L. Weil

(Atlantic Research)

Ammonium nitrate composites

—W. A. Proell (Standard Oil

of Indiana), E. Fiock (Phil-

lips Petroleum)

Nitropolymer composite—K.

Klager (Aerojet)

Double base (high energy)

—

A. Camp (NOTS), R. Preckl

(ABL)
Petrin-double base—W. D. Nie-

derhauser (Rohm & Haas)

Metal additives—K. Rumbel
(Atlantic Research)

Boron compounds—Eugene Mil-

ler (Olin-Mathieson), E. A.

Weilmuenster, (Olin-Mathie-

son)

N-F compounds—W. D. Nie-

derhauser (Rohm & Haas),

W. H. Pearlson (Minnesota

Mining & Mfg.)

New Ingredients—Charles J.

Marsel (NYU), W. S. Mc-
Ewan (NOTS), P. O. Taw-
ney (U.S. Rubber), E. A.

Weilmuenster (Olin-Mathie-

son), W. D. Niederhauser

(Rohm & Haas)

B. Theory and design

Combustion instability—(see list

of participants in recent DOD
meeting on combustion in-

stability)

Deflagration-to-detonation tran-

sition—C. L. Zernow (Aero-

jet), H. M. Shuey (Rohm &
Haas), J. E. Ablard (NOL),
D. Altman (Aeronutronics),

M. A. Cook (Univ. of Utah)
Theory and thermochemical

—

K. E. Rumbel (Atlantic Re-

search), A. O. Dekker (Aer-

ojet), P. L. Nichols (JPL),

R. Steinberger (ABL), H. M.
Shuey (Rohm & Haas), D.
Altman (Aeronutronics), W.
S. McEwan (NOTS), A. S.

Gordon (NOTS), F. A. H.

Rice (NPF), F. T. McClure
(APL), J. A. Rottenberg

(Univ. of Minnesota), R. H.

Olds (NOTS)
Ignition—J. H. Wiegand (Aero-

jet), G. J. Bryant (NOL), J.

C. Brier (Univ. of Michi-

gan), J. E. Pelham (Thiokol)

Ballistic design—J. I. Schaffer

(JPL), R. Winer (ABL), J.

W. Wiggins (Thiokol), K. E.

Rumbel (Atlantic Research),

E. W. Price (NOTS), H. M.
Shuey (Rohm & Haas)

C. Physical Properties—F. J. Lava-

cot (NOTS), P. E. Newman
(ABL), E. H. Lee (Brown

1 Univ.), P. J. Blatz (Aerojet),

plus members of JANAF
Physical Properties Panel

D. Processing methods—F. J. Lav-

acot (NOTS), J. W. Wiggins
(Thiokol), K. Klager (Aero-

jet), E. Fiock (Phillips Pe-

troleum), E. R. Csanady
(NPF), G. F. Cramolini

(Minnesota Mining & Mfg.)

Even though the missile personnel

shortage now applies only to the solid

propellant field, a breakthrough in this

field can result in broad across-the-

board planning changes. Similar short-

ages exist in other fields. The personnel

problem will continue to be acute as

progress is made in other experimental

projects.

Missile Experts Tell Congress

How To Beat Reds In Space
Congress gingerly dipped a toe into

space last month, liked the feel of it,

and dived right in.

However, the new House Com-
mittee on Astronautics and Space Ex-

ploration, which began its first series

of public hearings April 15, clearly

was not on familiar ground. Even
though Congressmen are not known
for kid-gloving witnesses, the new Space
Congressmen made it plain they were
trying to learn.

The Caucus Room, which housed
the first two weeks of hearings, became
an informal classroom with an im-
pressive array of missile and space ex-

perts as instructors.

Instructors included such men as

Dr. Wernher von Braun, technical di-

rector, ABMA; Maj. Gen. John B.

Medaris, chief of the Army Ordnance
Missile Command; and Dr. Fred
Whipple, director of the Smithsonian

Astrophysical Observatory.

Sample questions asked by the

Congressman were, "Are the present

thrust problems on rockets based on
the same fundamental principles as

Goddard's? Are the Russians using

these same principles? How far up does

space start?"

The committee has 11 bills before

it—all almost identical—to establish a

National Aeronautics and Space

Agency.

• Teeth needed—The majority of

witnesses favored a full-time, smaller

board "with teeth," rather than the

17-member advisory board recom-

mended in the Administration bill.

Under this bill the board would be

required to meet only four times a

year and would function much like

the NACA, which the new agency
would absorb. Witnesses pointed out
that their roles would be different; that

whereas NACA conducted experiments,
it was the DOD which negotiated the

contracts based on those experiments.

Space Committee

Members
Members of the House Select Com-

mittee on Astronautics and Space

Exploration:

Chairman, John W. McCormack
(D-Mass.); Overton Brooks (D-La.);

Brooks Hays (D-Ark.); Leo W.
O'Brien (D-N.Y.); Lee Metcalf (D-

Mont.); William H. Natcher (D-

Ky.); B. F. Sisk (D-Calif.); Joseph

W. Martin, Jr. (R-Mass.); Leslie C.

Arends (R-Ill.); Gordon L. McDon-
ough (R-Calif.); James G. Fulton

(R-Pa.); Kenneth B. Keating (R-

N.Y.); Gerald R. Ford, Jr. (R-Mich.).

Members of the Senate Special Com-
mittee on Space and Astronautics

Chairman, Lyndon B. Johnson

(D-Texas); Richard B. Russell (D-

Ga.); Theodore Francis Green (D-

R.I.); John L. McClellan (D-Ark.);

Warren G. Magnuson (D-Wash.);

Clinton P. Anderson (D-N.M.);

Stuart Symington (D-Mo.); Styles

Bridges (R-N.H.); Alexander Wiley

(R-Wisc); Bourke B. Hickenlooper

(R-Iowa); Leverett Saltonstall (R-

Mass.); John W. Bricker (R-Ohio);

Karl E. Mundt (R-S.D.).
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NASA will have cognizance not only

over research and development but will

have power to let contracts.

Consensus of witnesses: Congress

would do better to look to the Atomic

Energy Commission, which has a

powerful full-time five-member board,

as a model for the new agency.

The main point put across by wit-

nesses was the urgency of overtaking

Russia's lead. They said the United

States should:

(1) Make a thorough study of

European educational systems as a

basis for overhauling our own.

(2) Cut the lag in putting new

developments into production. Adm. H.

G. Rickover, Assistant Chief, Nuclear

Propulsion, Bureau of Ships, said

Russia's lead time, from the inception

of an idea until it rolls off the assembly

line, is "one-half of ours."

(3) Keep R&D teams intact after

projects are completed.

(4) Once the ball is rolling on a

space program, keep up a sustained

effort, based on planning as much as

15 years ahead.

(5) Get foreign technical docu-

ments translated faster and into the

hands of the scientists. Adm. Hayward
pointed out that the Russians are

spending $1 billion annually translating

"every technical document that comes

out of the Free World."

(6) Keep the new agency from

over-entanglement in unnecessary se-

curity classification.

(7) Pay government scientists

more.

(8) Keep the new space agency

independent of the military. Adm.
Rickover stressed that civilian-run

projects were always "more efficient"

than those run by the military. He
added that he was convinced the

Nautilus atomic submarine program
could have developed more quickly

under civilian control.

(9) Spend more money on basic

research.

• Schriever appears—On the day

following the Air Force launching of a

Thor-Vanguard combination from Cape
Canaveral, Maj. Gen. Schriever, head

of the Air Force's Ballistic Missile

Division, ARDC, appeared before the

committee (see also p. 70).

The Air Force missile chief told the

committee that projects should remain

where they are, even after the estab-

lishment of a space agency. He rec-

ommended that NACA should be the

block upon which the proposed new
agency will be based. He also said he

favored from three to five military men
on the proposed 17-man committee.

The current hearings are expected

to continue into the middle of May.
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missile flight testing is a big business.. . bigger than ever before..

.

and the Engineering Services Division of Telecomputing, with more than ten years

of continuous and highly specialized service in this field, offers exceptional employ-
ment opportunities at Holloman Air Force Base, New Mexico.

This is an exciting business. At the White Sands Proving Ground Integrated Range
missile tests are an everyday occurrence. We salute those who design and develop
today's advanced missiles. Here, we are a part of the culmination of their work.

Our job is to compute the performance of missiles in flight. Our output— authentic,

concise, and accurate reports— contributes substantially to the advance of the

missile sciences, and enables the Armed Services and Missile Contractors to evalu-

ate field performance. The need for rapid and accurate analysis and evaluation

of data is greater than ever before. So, it follows that our people are not only

abreast of the state-of-the-art in data processing, but, in a very real way, it is we
who establish the state-of-the-art, and keep it constantly moving forward.

Specialists of the Engineering Services Division are associated with the use of the

most modern scientific data measuring and processing systems— cinetheodolites,

electronic measuring systems, telemetry, precision optics, and optical to digital

converters. The output of these instrumentations are processed through the use of

high-speed digital computers and other advance design data reduction equipment.

Make your home in New Mexico's land of enchantment • Moun-
tain skiing and resorts just 30 minutes away • Attractive salaries

with area bonus*Profit sharing • Relocation pay^Group insurance
ENGINEERING

Send your resume today to the Director of Technical Personnel:

engineering services division

TELECOMPUTING CORPORATION
Box 447, Holloman Air Force Base, New Mexico,

Circle No. 14 on Subscriber Service Card.

E5
SERVICES

WE SPECIALIZE IN PRODUCTION

OR PROTOTYPE DEVELOPMENT

Whether you need as-

sistance with produc-

tion or prototype lots

our specialists can help

you with complete fab-

rication of jet, ram jet

and missile engine

components with em-

phasis on the high temperature brazing of superalloys.

Our many customers include some of the best known names in

the aviation industry. Write, wire or phone for more information.

DEVELOPMENT COMPANY
•"Ijii 90S Woodside Avenue • Essexville, Michigan

Circle No. 15 on Subscriber Service Card. 51



DOUGLAS COOK MOSS KANTROWITZ KIMBALL CROSBY

Biggest Missile Industry Meeting Yet...

Congressman Moss; Douglas; Kimball; Cook;

Crosby; Kantrowitz to chair panel discussions

in Washington June 4-6. First Goddard

Memorial Dinner will conclude conference.

FUTURE OF THE NATION'S mis-

sile-space industry will be analyzed in

Washington next month at the First Na-

tional Missile Industry Conference,

sponsored by the American Rocket So-

ciety's National Capital Section and the

National Rocket Club.

Advance registrations for the three-

day meeting, June 4-6 at the May-
flower Hotel, indicate more than 1,000

industry-government leaders will attend.

Six panels are scheduled: Contracting

and Negotiation, Government Roles

and Responsibilities, Freedom of In-

formation, Research and Development,
Commercial Markets, and Business

Forecasting.

Dr. Robert H. Goddard Memorial
Dinner, honoring the nation's first

rocket pioneer, will conclude the con-

ference. Industry awards will be pre-

sented for special contributions to the

advancement of missilry, rocketry and
astronautics.

For the first time, the National Mis-

siles and Rockets Award—similar to

aviation's famed Wright and Collier

Trophy Award—will be made to the

person or individuals who in 1957 made
the most outstanding contribution to

the U.S. rocket, missile or astronautics

program. The award will be presented

by Wayne W. Parrish, president,

American Aviation Publications,

Inc., and publisher of m/r magazine.

• Program—Donald W. Douglas,

Jr., president, Douglas Aircraft Co.,

Inc., will chair the opening session on
Contracting and Negotiation. Modera-
tor will be Warren R. Smith, assistant

to the president, Fairchild Engine &
Airplane Corp. A "Space Age" lunch-

eon will be held honoring the U.S.

satellite teams.

In the afternoon, Gen. Orval R.

Cook, president, Aircraft Industries As-

sociation, will chair the Government
Roles and Responsibilities panel. A re-

ception will be held that evening in

honor of the Army Ballistic Missile

Agency and the Naval Research Lab-

oratory space satellite teams.

On the second day, Rep. John E.

Moss (D-Calif.), will preside over the

Freedom of Information panel. Dr.

Harold Wooster, director of Research

Communication, Air Force Office of

Scientific Research, ARDC, will serve

as moderator.

In the afternoon, Dr. Arthur R.

Kantrowitz, director, AVCO Research

Laboratories, will be chairman of the

Research and Development panel. Mod-
erator will be Thomas Wilcox, presi-

dent, Thomas Wilcox Associates, Inc.

A reception will be held that evening in

honor of Mrs. Esther C. Goddard,
widow of Dr. Goddard.

The last day's session on Commer-
cial Markets and Business Forecasting

will be chaired by Dan Kimball, presi-

dent, Aerojet-General Corp., and J. W.
Crosby, president, Thiokol Chemical
Corp.

• Ladies' Too—Woman's Auxiliary

of ARS' National Capital Section will

have a special wives' program. Each
discussion panel will average six mem-
bers.

Among those scheduled to partici-

pate are: RAdm. John E. Clark, deputy

director Advanced Projects Research

Office; F. O. Detweiler, president,

Chance Vought Aircraft, Inc.; Joachim

H. Kauffmann, president, Diversey En-

gineering Co.; H. L. Thackwell, Jr.,

vice-president, Grand Central Rocket

Co.; Kenneth Ellington, Telecomputing

Corp.; Dr. Richard Kershner, Applied

Physics Laboratory, Johns Hopkins
University; Col. John R. V. Dickson,

director, Development, ARDC.
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Swift and deadly, the Martin Lacrosse is the Army's

newest artillery weapon. The rocket-propelled

Lacrosse provides pin-point precision with tremen-

dous destructive power against enemy targets.

The rugged simplicity of its powerful Thiokol

solid propellant engine gives the truck-mounted

missile extreme mobility in the field.

With the Lacrosse. Army ground troops have

guided missile support where they need it — when

they need it. ? I.

CHEMICAL CORPORATION
TRENTON. N.J. • ELKTON. MD.

HUNTSVILLE. ALA. • MARSHALL. TEXAS
MOSS POINT. MISS. • BRIGHAM CITY. UTAH

o* Registered trademark of the Thiokol Chemical Corporation for its liquid

polymers, rocket propellants, plasticizers and other chemical products
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INVITATION:

QUALIFICATIONS:

PRODUCTS

:

CONCLUSION:

This is an invitation to utilize the missile systems engineering services of

Pacific Automation Products, Inc., on current and upcoming Army missile programs.

PAPI is an organization of 700 cable systems specialists. Over 150,000 square

feet of floor area are now devoted to engineering, manufacturing, inspection, with

production capacity to meet any workload. Because PAPI cables have been

used on such Army missile programs as the Sergeant, Hawk, and LaCrosse, you know
our product to be reliable.

Here is the record of PAPI performance on one of this nation's

major missile programs:
,

Over 20,000 cable components are now in service, with no malfunctions

due to cabling.

Every test or launch facility is being completed on or ahead of schedule.

Costs are far less than predicted.

Superior design and layout, and simplified operational characteristics,

have marked each facility.

So that this experience may be used to full advantage on each Army missile

program, an early visit by PAPI with site or facility is recommended.

PAPI products include neoprene and plastic jacketed cables of superior. design

with special purpose cable for high temperature or under water use.

PAPI offers the following services in the cabling and activation of missile test and

launch facilities: Systems Design— working from schematics, PAPI design

engineers will determine every conductor that is needed to link block houses, control

centers, terminal rooms, and stands or platforms. Cables are designed to effectively

accommodate these conductors, and include break outs, connectors, and accessories.

Systems Fabrication— cable assemblies leave our plant in ready-to-install condition,

with rigorous quality control procedures governing every step of the fabrication

process. Systems Installation— PAPI's experienced personnel and proven methods are

utilized in field installation of all inter-unit cabling, instrumentation, recorders,

transducers, controls, consoles,- and accessories. Systems Checkout—PAPI specialists

checkout all circuits for conformity to specifications, confirm the operation of

each instrumentation system, and validate the fire and launch control functions'.

Systems Documentation—working drawings of the entire installation

are supplied in approved form.

PAPI's engineering staff includes men with outstanding experience in every

pertinent phase of the missile business; It is no accident, therefore, that we are the

"take charge" sort of people who can take full responsibility for providing the

services described in this message. We hope that you will accept this invitation and

plan to utilize PAPI's great practical knowledge and experience in Army
missile facility cabling and activation.

^/^t&^u>(

ARTHUR P. JACOB./EXECUT1VE VICE PRESIDENT

Pacific Automation Products, inc.
1000 AIRWAY, GLENDALE 1, CALIFORNIA Phone: CHapman 5-6871 or Citrus 4-8677

ENGINEERS- NEW PRODUCTS MEAN NEW OPPORTUNITIES AT PAPI. SPECIAL NEED
FOR MISSILE OR AUTOMATION SYSTEMS EXPERIENCE. SEND YOUR RESUME TODAYS
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... speaking of

Missile Ground Support tMOBILITYJ

HERE'S WHY FMC CAN

1941...LVT 1 1942...LVT (A) 1 1942...LVT 2

Amphibious Personnel - Cargo Carrier Amphibious Armored Assault Vehicle Amphibious Personnel - Cargo Carrier

1943... LVT (A) 2
Amphibious Armored Personnel - Cargo Carrier

Amphibious Personnel-Cargo Carrier

1954...LVT P6
Amphibious Armored Personnel - "argo Carrier

1944 . . . LVT 4

Amphibious Personnel -Cargo Carrier

1949... LVT (A) 5 Modified

Amphibious Armored Assault Vehicle

1955 . . . LVTR-1
Modified Vehicle for recovery duty

1944... LVT (A) 5
Amphibious Armored Assault Vehicle

; \
i;

1951-1958... M59
Armored Personnel Carrier

1957... M-84
Mortar Carrier Vehicle
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HANDLE MISSILE LAUNCHER PROGRAMS

1957. ..HAWK
Mobile loader Vehicle

1958...THOR
Transporter-erector Launching Mount &
Power Control Trailer

FMC's development of ground support equipment for major

missile projects stems from over 17 years experience in

producing mobile surface equipment for the Armed Forces

Since 1941, FMC has designed and built more types of

military-standardized tracked vehicles than any other com-

pany in America. This extensive and versatile background in

the field of mobility can be applied to your missile ground

support project.

FMC is uniquely qualified to handle every phase of the job

from design concept through development, engineering, and

production on any size project. Long familiarity with military

requirements enables FMC to approach basic design with stand-

ardization in mind. With fully integrated facilities devoted

exclusively to the production of defense equipment, contract

delivery requirements are met — on schedule.

Do what others have done. Provide for the over -all success

of your missile system, by contacting FMC at the very begin-

ning of your program. This will insure perfectly coordinated

development and delivery of required ground support equip-

ment. Contact us today for more information.

Creative Engineers: Find stimulating

challenge at FMC's Ordnance Division

FMC'S MISSILE EQUIPMENT PROJECTS:

Mobile loader vehicle

Shipping and storage

containers

[ NIKE-HERCULES

THOR

BOMARC

Transporter-erector &
power control trailer

Erector-launcher and
Decontamination system

REDSTONE

NAVAHO

Tracked prime mover

Transporter-erector &
vertical access tower

Putting Ideas to Work

FOOD MACHINERY AND CHEMICAL CORPORATION
Ordnance Division
Missile Equipment Section 1_A

1105 COLEMAN AVENUE, SAN JOSE, CALIF.
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...THE TRULY
REUSABLE FITTING

FOR FLUOROFLEX-T HOSE

BASIC GRIP NEVER LOOSENS

Socket and unique lockring in Seal-Lock fit-

ting exert unshakable grip on hose. Once ap-

plied, this hold need never be disturbed when
adjusting elbows. Lockring keeps initial grip

strength no matter how much or how often

elbow is swiveled ... aw exclusive Seal-Lock

safety feature ... extra blow-off insurance.

STAYS LOCKED AND LEAKPROOF

When tightened, Seal-Lock fittings are triple-

locked and dynamically sealed. Left hand safety

thread cannot accidentally loosen during instal-

lation of hose assembly. Lock nut effect pre-

vents loosening by vibration during operation.

COMPLEMENTS INTEGRITY OF FLUOROFLEX-T HOSE

FIuoroflex-T is a chemically inert compound of

Teflon® developed and patented by Resistoflex.

It assures completely reliable performance in

aircraft and missile systems . . . for protection

of equipment and human life.

PARTS INTERCHANGEABLE - TRULY REUSABLE

Ideal for mock-up work. Substitute an elbow

for a straight nipple or vice versa. Permits

quick repair of damaged nipples. No need to

change hoses or touch socket to change cou-

plings. Parts are hardened . . . can be reused

again and again. Send for Bulletin RF-1.

*Pat. applied tor

(g Fluoroftex is a Resistoflex trademark, reg., U.S. pat. off.

® Teflon is DuPont's trademark tor TPE fluorocarbon resins.

PAfiTS INTERCHANGEABLE

Originators of high temperature fluorocarbon hose assemblies

I
CORPORATION

Roseland, New Jersey • Western Plant: Burbank, Calif. • Southwestern Plant: Dallas, Tex.
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On April 11, over 1,000 people

converged on Washington's Sheraton

Park Hotel for the Navy League's Sea-

power Symposium, celebrating the 58th

anniversary of the launching of the first

submarine, the SS Holland. The big

news break in the missile business was
the unveiling of the Navy's Fleet

Ballistic Missile, Polaris.

A full-scale model of Polaris was
displayed on the hotel's ballroom stage.

With a height of 26 ft. 6 in. and a

diameter of 54 in., Polaris is a two-
stage solid propellant weapon with an
ultimate design range of 1,500 nautical

miles.

Polaris is designed to be carried

in lots of 16 in specially-designed

nuclear-powered submarines. It will be
launched from under water by com-
pressed air, with its rocket engine de-

signed to ignite when the missile is air-

borne.

In an address made during the

banquet, Rear Admiral W. F. Raborn,
USN, Director, Special Projects Office

of the Navy Bureau of Ordnance, said,

"I firmly believe that we will have
actual operational missiles in 1960."

With the marked success of the

Polaris development program, it seems
virtually certain that the limiting fac-

tor in this case is the time needed to

produce and fit out the first submarines

—rather than development of a success-

ful missile. Polaris submarines are now
already on the ways, with work pro-

ceeding under a wartime schedule of

overtime.

Some details of the Polaris missile

which were not officially released, but

which became apparent in studying the

model itself and movies shown of the

test flight vehicles are listed below.

Polaris will be a two-stage bird.

The first stage engine is 53 in. in

diameter and 110 in. long. The second

stage engine, which will provide both

range and vernier control, is 53 in.

in diameter and 47 in. long. This last

stage reportedly will have thrust re-

versers for instanteous separation and
cut-off.

Polaris engines will fire through

multiple nozzles. Each nozzle will be

equipped with a cylindrical jetavator

for precision control. Polaris is shown
as being completely finless. Admiral
Raborn said that the new fuel already

developed for Polaris constitutes a

major technological gain.

Initially, Polaris' range may be

limited by the strength of the thinwall

motor casings. Reportedly, these have
an initial ultimate yield strength of

about 184,000 lb. psi, and with this

strength the range will be somewhat
under 1,000 miles. However, at 220,-

000-to-240,000 psi, the full range of

1,500 miles will be realized.

Several companies, including Aero-
jet-General {Polaris engine contractor)
and Thiokol Chemical (still a contender
for a Polaris engine contract), are ex-

perimenting with stronger motor cas-

ings. Tolerances on these engines, in-

cidentally, are on the order of plus-
or-minus two-thousandths of an inch
on the inside diameter with a wall
thickness of less than 70/ 1000 in. The
engine chamber pressure is about 1 ,000
lb. psi.

No details have been released as to
how many Polaris missiles will finally

be ordered, but it could be around
1,000. There's talk of building 40
Fo/ara-launching submarines which,
multiplied by 16 missiles, comes out to
640 missiles. Add those needed for test

and training and the initial production
order totals 1,000.

In production, each missile will cost
$500,000 each, making them the least

expensive missiles of comparable range
in the U.S. arsenal. This "savings,"
however, will be partially offset by the
cost of the launching vehicle—the $80
million Polaris submarine and the sub-
marine's Shipboard Inertial Naviga-
tion system.

Maj. Simons Volunteers for

First Manned Rocket Ride
Maj. David G. Simons has volun-

teered his services for the first manned
rocket flight into space, m/r has learned
exclusively.

Simons, who set an altitude endur-
ance record last August with a 32-hour-
1 02,000-foot balloon flight, volunteered
four months ago when the Army Bal-

listic Missile Agency first proposed
sending a manned capsule spaceward.
The Department of Defense has not yet
given its approval.

The proposal was recently made
public on the opening day of hearings

of the new House Committee on As-
tronautics and Space Exploration. Dr.
Wernher von Braun, Director of
ABMA's Development Operations Di-
vision, told the Congressmen that the

missile would take a man 150 miles

into space and bring him back safely.

The pilot would be sealed in the

missile's nose cone, which would sepa-

rate shortly after burnout, and the cap-

sule would then go through the apex
of the trajectory.

During the five minutes the vehicle

is in a gravity-free state, the pilot could

"make all kinds of observations," von
Braun said. The vehicle would land by
means of a parachute and drag brakes.

The entire flight would last ten minutes.
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1. Fabricated Jato chamber

2. One-piece booster cham-
ber cold-drawn from AISI

4130 steel blank. Wall
thicknesses range from
.130 to .425, with varia-

tions controlled to less

than t 5 per cent. No ma-
chining of the contours,

internal or external, is

required.

I'*

3. Fabricated rocket nozzle

4.. One-piece booster
chamber nozzle, formerly

machined from a forging.

Norris-Thermador reduced
material and production

costs more than 50 per cent

by cold-forming the wall

to the finished dimensions.

60

for rockets, aircraft, missiles

with cold-formed parts by

NORRIS-THERMADOR
Norris-Thermador — a leading manufacturer of

compressed gas cylinders and pressure vessels

for accumulators — also produces booster cham-
bers and nozzles for improved performance
rockets, missiles and aircraft.

Cylindrical parts with unusual design configu-

rations and various wall thicknesses now can
be press-formed by advanced deep-drawing
and cold-extrusion techniques. The improved
mechanical properties developed by the special-

ized cold -forming processes frequently elim-

inates the need for heat-treatment. The close

as-formed tolerances and excellent surface
"finish reduce machining requirements.

Norris-Thermador also fabricates multi-piece

booster chambers and nozzles by cold-forming
and welding. Dependable performance is assur-

ed by skilled workmanship and rigid acceptance
standards, including X-ray, magnetic particle

and metallurgical inspections, and hydrostatic
pressure tests.

If you have a design that appears difficult to pro-

duce, bring your problem to Norris Thermador.
1 COLD-FORMING MAY BE THE ANSWER.

NORRIS-THERMADOR
- >

. *
-

CORPORATION

NORRIS DIVISION
5215 South Boyle Avenue • Los Angeles 58, Calif.

Desianers and Manufacturer* of Rocket and Missile Components
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. news and trends

Soviet Reveals

IGY Vehicles and

Instrumentation

INSTRUMENTS installed in Soviet

IGY rocket include ionization and mag-

netic manometers and above dispersion

radiofrequency interferometer for the

precise measurement of wave-lengths.

The same type of electronic equipment

was in Soviet Sputnik II.

RECOVERED instrument container of

an IGY rocket is shown after being

successfully recovered from an experi-

mental flight At the peak of the rocket

trajectory, the container was separated

and parachuted 132 miles to earth.

ANIMAL CHAMBER and instrumentation com-
partment of another Soviet rocket after being para-

chuted to earth from extreme altitudes. The dog
in the foreground, apparently heavily retouched, has

emerged from the recovered payload section.

LAUNCHING of a research rocket by the USSR
during recent experiments. Projecting from the

sides of the vehicle are the instrument compart-

ments which separate and parachute to the ground.



U.S. Missiles in the News

Out of the Sea...

Symbolizing the Navy's future in underwater ballistic missile warfare,

a Polaris FBM test vehicle erupts in a mighty geyser of water from

its missile container anchored several feet below the surface of a

Pacific test site. The Polaris is ejected vertically from its underwater

container by compressed air in much the same manner as a torpedo.

Note the four nozzles of the first stage, in the last photo.



Navy Unveils Bullpup At El Centro
The Navy has taken the wraps off

the first air-to-ground guided missile

especially designed to provide non-

nuclear fire support to ground troops

and tactical targets.

The missile was shown statically at

the third annual Naval Air Weapons
Meet in El Centro; although an on-

again, off-again demonstration firing

was cancelled. Apparently, the cancel-

lation was due to bugs in the control

system of one of the planes scheduled

to participate, and not in the missile

itself.

Another first which Bullpup can
claim is that it is so designed as to

practically eliminate the usual elaborate

ground support system of maintenance
and training. Due to its simplicity, the

supersonic solid-propellant missile can
be checked out at the factory; placed

in storage up to six months; and have
its three parts assembled and mounted
on an aircraft in five minutes by a
three-man crew.

Bullpup has been termed by one
Naval spokesman as a "round of am-
munition". The 10-foot, 600-pound
missile can carry a variety of 250-

pound bombs with a 40% greater

punch than conventional 250-pound
bombs delivered by conventional dive

bombing.

Bullpup is in line of sight weapons
controlled by a direction button in the

cockpit of the firing aircraft. The con-
trol gives up-down, right-left com-
mands. By flying the aircraft, the pilot

simultaneously flies the missile until

zeroed-in on the target.

Guidance is by radio link, and it is

assumed that tracking is by pyrotechnic
flares or the like in the boattail. Mov-
able snap-in canards on the nose con-
trol yaw and pitch during flight.

There is no homing system, and as

a result, Captain James G. Sliney, as-

sistant director of the Guided Missiles

Division in the office of the Chief of
Naval Operations, reported that Bull-

pup would probably be difficult for the
enemy to jam.

The 300-pound solid grain rocket
motor was first developed by Allegheny
Ballistics, and is now being made by
Aerojet General. Bullpup went into

production with letting of an $8-million
contract to the Martin Company in

January.

Fleet delivery is scheduled for early

fall. Naval spokesmen declined to give

exact numbers, but they said deploy-
ment would be "good-sized". Due to its

simplicity in mounting and firing, Bull-

pup will be ready for use immediately

U.S. Navy

STANDING ABOUT four feet higher

than this 6' 3V4" tall sailor, Bullpup

has a radio receiver in nose section, and

carries any of several standard 250-

pound bombs in center section. Aero-jet

General builds the solid-grain motor.

upon arrival in the Fleet.

Pilots who have been testing the

missile have praised it highly for ac-

curacy. A first test by one pilot resulted

in a hit on a four-inch target at a firing

range of two miles.

The Navy has been testing the bird

on FJ4 Furies and A3D Skynights.

First tests were on the prop-driven

AD6. The Navy presently loads up to

six Bullpups per plane.

The Air Force has tested Bullpup

on several aircraft including the F94
Starfire. Testing has been somewhat de-

terred due to the fact that Bullpup is

stowed externally and does not have an
all-weather guidance system.

Indications are that the guidance

system will remain as it is for the

present, although the missile and its

warhead are due for further develop-

ment in extended range, voice guidance

and more accurate target acquisition.

Bullpup was first conceived during

the Korean War, in which Navy and
Marine fliers flew some 40% of the

combat missions, particularly in close

ground support and interdiction. En-

emy ground fire, rugged terrain, and
inclement weather resulted in heavy

losses during low-level attacks.

This newest addition to the inter-

diction arsenal provides the Navy and
Marines, both of whom will employ the

missile, with the most potent non-

nuclear weapon to date for use in both

land-based and carrier-borne aircraft.

First mentioned a year ago at the

Aviation Writers Association meeting

in St. Louis, the Bullpup demonstration

firing will probably be at Corpus
Christi during the AWA meeting in

Houston this month.

U.S. Navy

BULLPUP, the Navy's solid propellant "Missile With a Bomb," is mounted on pylons

of the FJ4 Fury. Supersonic at launch while aircraft is in dive toward target,

Bullpup is guided visually by observations of pyrotechnic flares in boattail. The air-

craft sends directional commands by radio, preventing jamming. Four snap-in canards

on nose are actuated by up-down, right-left commands from cockpit. High reliability has

enabled the Navy to eliminate costly testing and maintenance.
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All of the established Cherry High
Clinch features are now in the "800"

Monel rivets:

(1) high clinch; (2) positive hole

New design concepts are possible

with the complete line of Cherry

High Clinch rivets. Smaller fas-

teners—stronger materials—a com-

plete range of temperature and

strength applications suited to

your problems. The new Cherry
"800" in Monel, the "700" in alu-

minum, and the "600" high-

strength, high-temperature rivet

*Patents issued and pending

fill; (3) wide grip range; (4) uniform

stem retention; (5) positive inspection

—which now includes grip length
stamped on rivet head.

in A286 stainless steel give you a

complete selection—all in the same
proved Cherry High Clinch con-

figuration*.

For technical data on the new

Cherry "800" Monel and other

Cherry High Clinch rivets, write

Townsend Company, Cherry

Rivet Division, P. O. Box 2157-Z,

Santa Ana, Calif.

... news and trends

Future Earth Satellites

To Be Self-Serviced

Future satellites will have self-

servicing devices remotely controlled

from the ground, the House Space
Committee was recently told.

Dr. Fred Whipple, Director of the

Smithsonian Astrophysical Observatory,

described what he called a "telepuppet"

built into a satellite which could "du-

plicate what the operator's hands were
doing on the ground" through telem-

etry.

Dr. Whipple pointed out to the

House Astronautics and Space Com-
mittee that a similar device on a minor
scale is now in use in "hot" labora-

tories—those using radioactive ma-
terials.

The satellite's robot would enable

the operator to see problems as they

arise, and then solve them.

"When such devices are well de-

veloped," Whipple told the committee,

"they will have multitudinous prac-

tical purposes on earth. I can see the

time when the telepuppet will do our
dangerous mining underground . . .

and also deep sea operations."

Hollow Titanium Shapes

Now Cold-Extruded

The first successful cold extrusion of

hollow titanium shapes—a major step

in the development of economic meth-
ods for producing hollow aircraft parts

—was reported to the Manufacturing
Methods Branch of the Air Materiel

Command this week by Battelle Me-
morial Institute. The work was per-

formed under a development contract

awarded by AMC's Manufacturing
Methods Branch.

Cold extrusion of hollow shapes is

the latest accomplishment resulting

from studies conducted during the past

two years for the Air Force by the

Columbus, Ohio research center. This

research, which has taken cold ex-

trusion of titanium from a laboratory

concept to the threshold of commer-
cial application, was conducted by the

institutes' light metals staff under the

direction of Paul D. Frost and Alvin M.
Sabroff. This was the same team that

first reported success in the development

of a technique for hot extrusion of tita-

nium, also while conducting research

for the Air Force.

One unique aspect of this cold ex-

trusion research was the use of a 700-

ton hydraulic press.

In cold working titanium for the

Air Force, Battelle metallurgists pro-

missiles and rockets
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Townsend Company
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duced hollow titanium shapes by for-

ward and backward extrusion. One-
and-one-half inch diameter slugs of

unalloyed titanium were backward cold

extruded in a three-story high hydraulic

press to make cups up to three inches

long with wall thickness down to 0.22

inch. This is a 50 percent reduction in

thickness.

In forward extrusion studies, cup-
shaped billets with IVi-inch outside

diameters and 7/8-inch inside diam-
eters were cold-extruded into cylinders

with wall thicknesses down to 0.15

inch. Surface finishes were 30 to 60
micro inches, equivalent to a smooth
turned finish. In addition to provid-

ing a finished surface, cold extrusion

improves mechanical properties of un-

alloyed titanium. Increases in tensile

strength of 30 percent have been ob-

tained.

Air Force, Army Begin

Missile Systems Training

The Air Force has announced start

of a comprehensive missile system

training program for the Atlas, Titan,

Thor, Jupiter, Snark, Mace-Matador and
Bomarc.

Air Force training will be at three

command bases: Chanute Air Base, 111.;

Lowry Air Base, Colo.; and Amarillo

Air Force Base, Texas. Two additional

bases, Keesler in Mississippi and Shep-

pard in Texas, are scheduled for train-

ing programs in the near future.

The Army Ordnance Guided Mis-

sile School, Redstone Arsenal, will be-

gin classes on the 20-mile range surface-

to-surface missile, Lacrosse. Some 32
students are enrolled in three Lacrosse

classes and will receive instruction in

maintenance supervision, guidance sys-

tem repair, and electro-mechanical re-

pair.

SAC will be responsible for crew
training in the Atlas, Titan, Thor,

Jupiter and Snark systems. TAC will

have crew training in the Matador-
Mace, and ADC will be responsible for

Bomarc. Courses will run from two
to 30 weeks.

m/r Columnist Receives

2nd Award in Two Months
The second honor in two months

was bestowed on Dr. Hubertus Strug-

hold, dean of space medicine and m/r
columnist.

Dr. Strughold was presented with
the Theodore C. Lyster Award at the

recent Aero Medical Association meet-
ing in Washington, D.C. "for his out-

standing achievements in the field of
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. . . calibrates from 0.3 to 500 psi

In one practical instrument, CEC's 6-201 Primary

Pressure Standard offers an extended range

of precise pressure measurements available in no

other similar equipment. Operating as a

pneumatic dead-weight tester, the 6-201 offers

the advantages of air rather than oil as the

pressure medium, extreme accuracy of 0.015%

of full range even at pressures of less than

one psi, cleanliness and portability regardless of

the pressure range. Because this flexible

gage or absolute-type instrument depends

only on mass and length measurements for its

accuracy, it is a true primary pressure standard.

It will calibrate any pressure-measuring device.

Simple combinations of piston-cylinders and

weights provide six pressure ranges within

the limits of 0.3 to 500 psi, each with

increments of \%, for both gage and absolute

measurements. For additional information,

call your nearest CEC sales and service office,

or write for Bulletin CEC 1581-X10.

Transducer Division

Consolidated
Electrodynamics
300 North Sierra Madrc Villa, Pasadena, California

RECOGNIZED LEADERS IN GALVANOMETERS— TELEMETRY,

PRESSURE AND VIBRATION INSTRUMENTION
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FOR SHIPMENT...NOW!
STAINLESS STEEL
A N FITTINGS
ShippingNOW ! . . . has never been a problem with

Airdrome Parts Co. We always have on hand a

complete stock of Stainless Steel AN Fittings,

ready for immediate shipment.

Naturally, our fittings meet all military
specifications.

We can also give you fast service on custom

fittings.

If you want your shipment to start NOW! call,

write or wire . . .

AIRDROME PARTS CO

ORegon 8-7133

922 West Hyde Park Boulevard, Inglewood 3, California
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news and trends

aviation and space medicine."

Formerly advisor for research to

the commandant of the USAF School
of Aviation Medicine, Dr. Strughold
has recently received the Air Force Ex-
ceptional Civilian Service Award.

Brig. Gen. M. Samuel White, Air
Force flight surgeon and Director of
medical staffing and education in the

Surgeon General's office, was installed

as the new president of the association.

Captain Miller To Head
Pacific Directorate

All activities concerning the de-

velopment and operation of the new
Pacific Missile Range will be under the

control of a Directorate headed by
Captain Walter B. Miller, U.S.N.

,

formerly Deputy Director of Tests at

the Naval Air Missile Test Center,

Point Mugu, Calif.

The range, which will be the na-

tion's largest missile test range, will be
utilized by all three services under an
arrangement similar to that in effect at

Cape Canaveral and the Army's White
Sands Proving Grounds. Both shore-

based and ship-based instrumentation

will be used.

DuMont Instrumentation

Controls Nuclear Plants

An instrumentation system to be
used in proving nuclear reactor design,

will be incorporated in training pro-

grams for personnel serving aboard the

Navy's nuclear-powered submarines.

Developed by Allen B. DuMont
Laboratories, the instrumentation will

be used in a land-based prototype of a

nuclear sub plant developed by General

Electric for the AEC.
The system monitors nuclear reac-

tions continually and indicates rate of

change of neutron flux from "start up"
to "full power," incorporating instan-

taneous shutdown when the upper
safety limit is reached.

Defense To Standarize

Specification Drawings
A single specification for procure-

ment of engineering drawings to be-

come effective within a year is the latest

aim of the Defense Department. As of

now, engineering drawings are prepared

in accordance with about 28 different

specifications.

James H. Mars, assistant to the

chief engineer of the Navy's Bureau of

Ordnance, is chairman of the Armed
Services Ad Hoc committee. A series

of meetings are being held in which

missiles and rockets



both industry and the Armed Services

will participate, in an effort to get satis-

factory single specifications.

One such meeting will be held at

Wright-Patterson Air Base on May 27

and 28. About 25 representatives of in-

dustry will attend; including represen-

tatives of Aircraft Industries Associa-

tion, American Ordnance Association,

Electronics Industries Association, Na-

tional Security Industrial Association

and Society of Automotive Engineers.

Col. C. M. Howze, chief of

the Cataloguing and Standardization

Branch of AMC's Directorate of Sup-

ply, will be the host at the meeting.

Members of the committee at Wright-

Patterson AB include: Daniel J. Ben-

nett and Russell Eaton of AMC;
Frances D. Floto and A. G. Adman
of Wright Air Development Center.

New Army Reserve Unit

To Study Rocket Projects

A new and somewhat unique Army
Reserve unit was formally organized at

the Sacramento plants of the Aerojet-

General Corp. last month.

The 6501st U.S. Army Reserve

Research and Development Unit will

enable reserve officers to earn credits

by working on projects connected with

rockets and the logistical support of

rockets and missiles.

Lt. Col. C. W. Hash, senior advisor

to the Army Reserve in Sacramento, re-

ported that the rocket research and de-

velopment project will help Army re-

servists broaden their technical knowl-
edge of missiles, and acquire know-how
that will be useful in the event of active

duty.

The unit will consist primarily of

men employed at Aerojet and nearby
military installations.

Douglas Organizes Group
To Plan Space Program

Key scientists and engineers of

Douglas Aircraft Co. have been named
to a special planning group to chart

the Company's participation in space

flight.

Reporting to A. E. Raymond, en-

gineering vice-president and head of

the company's recently-formed Engi-

neering Council, will be M. W. Hunter,

R. B. Canright and Dr. W. B. Klemp-
erer, Missiles Engineering; P. R. Comp-
ton, Long Beach Division; Dr. E. B.

Konecci, Tulsa Division; H. T. Luskin,

Santa Monica Division; A. M. Mayo,
El Segundo Division; and C. E. Petting-

all, Testing Division.

The group will investigate basic fac-

WHEN SPECIFICATIONS REQUIRE

2000 Lb., 3000 Lb. and 6000 Lb.

SCREWED and SOCKET WELD
STAINLESS STEEL FITTINGS

THE QUALITY LINE IN STAINLESS

CAM CO Extra Heavy Fittings are machined from solid drop

forgings and are recommended for use where severe pressure-

temperature conditions are encountered. Materials conform to

ASTM-A-182 where applicable. Dimensions conform to SP-49-1956

edition for screwed fittings except SP-50-1956 for hex plugs

and bushings.

Special tube sizes and other Fittings to order

One source for all your Stainless Steel Fitting Requirements

Also available— 150 lb. screwed fittings, MSS and

ASA flanges and all schedules of buttweld fittings.

CAMCO Products, Inc., 445 Stale St.
M "

North Haven, Conn.

Q Please send Flange Dimensional Slide Rule.

Catalog Extra Heavy 657.

Q Catalogs covering complete line.

D Furnish address of area distributor.
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ANOTHER

ADEL ACHIEVEMENT

New Electric Motor Driven

Hydraulic POWER PACKAGE
For Guided Missiles

POWERFUL - SMALL • COMPACT
RELIABLE • LIGHTWEIGHT

SUPERIOR PERFORMANCE

'eveloped, qualified and produced

to meet or exceed exacting specifications.

Research

Design

Qualification Testing I Basil T PRECISION
Precision Production MJh&^l Jj PRODUCTS

A DIVISION OF GENERAL METALS CORPORATION

BURBANK, CALIFORNIA

DISTRICT OFFICES: MINEOLA • DAYTON • WICHITA • TORONTO
ADEL designs and manufactures aircraft products in the following major categories:

Hydraulic & Pneumatic

Control Equipment
AntUlcing, Heater &

Fuel System Equipment

Hi-Temp Manual &
Solenoid Operated Valves

Electric Motor Driven

Hydraulic Power Packages
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. . . news and trends

tors in space programming and weigh

merits of space flight proposals.

ASME Materials Handling

Session In Cleveland

A space and atomic age session in

materials-handling engineering will be

held in Cleveland, June 12. The session

will be on the agenda of the American

Society of Mechanical Engineers meet-

ing.

The ASME materials handling con-

ference is being staged in connection

with the National Materials Handling

Show, June 9-12.

Erik Bergaust, m/r executive editor,

will be chairman of the special session.

Featured speakers will include: Michael

Mastracci of American Machine and

Foundry Co., New York, and Col.

Leonard Winget, Corps of Engineers,

Research Development laboratory.

Fort Belvoir, Va.

Topics discussed will include

"Operations Research in Materials

Handling;" "New Developments in

Materials Handling;" "Design and De-

velopment of Special Equipment," and

"Missile and Space Age."

Falcon Model Presented

To Smithsonian Institute

A production model of the first

operational air-to-air guided missile, the

Hughes Falcon, was presented recently

to the Smithsonian Institution, Wash-

ington, D.C. Senator Goldwater (R.

Arizona) made the formal presentation.

The display of the Falcon missile,

produced for the Air Force by Hughes
Aircraft Company, Tucson, Arizona,

will be exhibited in the National Air

museum, where a permanent rockets

and missiles section will be established.

IGY Rocket Probe

Achieves Atmosphere Data

The National Academy of Sciences'

IGY Committee has completed a suc-

cessful season of rocket probings of the

upper atmosphere at Fort Churchill.

Manitoba, Canada, with the launching

of 41 rockets since July. Firings will

be resumed in mid-June with 32 more
launches scheduled.

Twenty-two of 23 rockets fired this

year produced desired scientific data.

Rocket vehicles used and planned for

probes between 46 and 160 miles out

include the Oki Phase II-Dart, the

Nike Cajun and Nike-Asp, and the

Aerobee and Aerobee-Hi.

Data accumulated is expected to

GIANNINI FREE GYRO

precision

helmsman
in the

GIANNINI S MODEL 3416 FREE GYROS MAN THE HELM

IN THE NAVY'S TALOS. Mid-course guidance of

the TALOS missile is achieved by riding

a radar beam to the vicinity of the target.

Immediately after launching, aerody-

namic considerations require the missile
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the TALOS to hold it "steady as she goes
!"

Giannini measures & controls:

Remotely Energized Electrical

Cage-Uncage System

Low Drift during High Vibration

Unrestricted 360 Travel

of Both Gimbals

Two Precision Potentiometer

Pickoffs

P e T
•"'V

I-"
:# .

h • P AP T

Ts Ps Qc M T Pt TAS

G. M. GIANNINI & CO., INC., 918 EAST GREEN STREET, PASADENA, CALIF.

May, 1958 Circle No. 175 on Subscriber Service Card.



. news and trends

in low-compression-set
Butyl ... for sealing prob-
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flammable phosphate
esters.

LINEAR . . . specialists

in close tolerance mold-

ing in all of today's elas-

tomers.

Call on LINEAR forassist-

ance with all your seal

problems.

"PERFECTION IN RUBBER"

UNEAR, Inc, STATE ROAD 1 LEVICK ST.. PHIL A 35. PA.

Circle No. 21 on Subscriber Service Card.

give new information on the altitude

of the electric currents responsible for

disturbances in the earth's magnetic

field during an aurora.

Information will also be acquired

on the nature, extent, and location of

electrons and ions at high altitudes

which govern radio transmission.

Sputnik III Scheduled

For May Day Celebration?

According to informed sources, the

Soviet Union had tentatively scheduled

the launching of Sputnik III for May 1,

in celebration of the communist party's

traditional holiday.

The satellite was to be as large as,

or larger, than Sputnik II, and would
contain instrumentation and experi-

ments greatly superior to the first two
Soviet satellites.

The most spectacular single experi-

ment planned for Sputnik III is an
attempt to create living matter through

the action of cosmic rays on inorganic

material. The experiment will utilize a

mixture of ammonia, methane, steam,

and carbonic acid.

It is expected that this mixture will

reproduce, as closely as possible, the

composition of the earth's atmosphere

at the beginning of the first era. The
action of cosmic radiation on this ma-
terial is expected to verify or disprove

Soviet and American hypotheses con-

cerning the origin of life.

Other reports indicate that the So-

viets are training another small dog,

"Alpha", for flight in Sputnik III, and
are working on a method of recovering

the dog from its orbit.

A hermetically-sealed space cabin

will be fitted into the main structure of

the satellite, utilizing retro rockets and

drag devices developed by the USSR to

reduce the velocity of the cabin as it

reenters the atmosphere.

After ejection of the dog's cabin

from the main satellite, Sputnik III will

continue in its orbit and may possibly

use solar batteries for longer transmis-

sion-life of its equipment. Specific elec-

tronic, cosmic, X-ray and solar radia-

tion experiments will be more refined

than those incorporated in Sputnik II,

Red advisers say.

EIA Contracting Program

Will Tour the U.S.

A "Methods of Contracting" sympo-

sium, sponsored by the Electronic In-

dustries Association, was held in Wash-
ington on April 22.

The one-day meeting, attended by

nearly 80 member company represen-

tatives, was held by the Military Sys-

tems Management Committee (form-

erly Guided Missiles Committee),

under the chairmanship of F. R. Lack,

who is a vice president of Western
Electric Co.

The principal speakers at the meet-

ing were:

S. C. Donnelly, Assistant Works
Manager, Western Electric Co., who
discussed "Prime-Subcontracting meth-

ods of procurement on Defense con-

tracts"; James D. McLean, President of

Hoffman Laboratories, who spoke on
"Group Contracting"; and W. M. Mc-
Farland, Executive vice president of

Hazeline Corp., who spoke on "Leader-

Follower Contracting."

The meeting evoked such interest

that the committee is now considering

a repeat of the program in some of the

major electronic centers throughout the

U.S.

Thor-Vanguard Shoot

Not Classified as ICBM
Despite repeated urging by a mem-

ber of the House Committee on Astro-

nautics and Space Exploration, Maj.

Gen. Bernard A. Schriever refused to

classify the April 23 Thor-Vanguard

shoot as a successful ICBM launch-

ing. (For more information on testi-

mony before Congress, see also p. 50

of this issue.)

The Air Force missile chief ex-

plained that to be classified as an ICBM,
it would be necessary to employ "more

discreet guidance" and different weight-

carrying capabilities. Schriever, at the

time of testimony, said it would be

about three days before detailed infor-

mation concerning the launching would

be available.

The Air Force later called off Navy
picket ships searching for the nose

cone, which came down in the Atlantic

about 6,000 statute miles away from

Cape Canaveral, according to best mili-

tary calculations.

General Schriever also commented

on other subjects at the hearing, in-

dicating that Thor is on schedule and

that he believes the first squadron will

be in operation in England by the end

of the year.

He also stated that he is not strongly

in favor of sending a man 150 miles up

in a capsule. Schriever expects that in

15 to 20 years, man will be able to

step into a rocket in New York or

Washington and land in Europe 30

minutes later.

missiles and rocIcets



TESTS SHOW HUMPHREY RATE GYROS
HAVE WIDE DYNAMIC RANGE WITH
USEFUL POTENTIOMETER OUTPUT
A 150°/sec. range Humphrey gyro in tests

on a torsional pendulum rate generator

shows reliable output with inputs down to

less than 1 degree amplitude at Yi cycle per

second. Frictionless spring steel flexures and

floating piston dry gas damper are design

features that provide low threshold and

practically zero hysteresis performance.

Write or phone Humphrey today about

your gyro problems.

Humphreq inc. DEPT. M-58 2805 CANON STREET

ELECTRO - MECHANICAL INSTRUMENTS SAN DIEGO 6, CALIFORNIA TEST SETUP

FOR

May,

COMPLETE SYSTEMS.

1958

SPECIFY HUMPHREY GYROSCOPES. ACCEt-EROMETERB
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Just Published

Defense Department
Reference Guide
PREPARED BY THE EDITORS OF
ARMED FORCES MANAGEMENT

Although created over ten years ago, the Defense Department has

never been the subject of a complete coverage of its organizational

structure and key personnel. The new Defense Department Refer-

ence Guide fills this need by furnishing a unified, closely-written

presentation of America's over-all defense establishment.

It is divided in four parts: the Office of the Secretary of Defense,

the Department of the Army, the Department of the Navy, and the

Department of the Air Force. It provides significant background
material, functional summaries, organization charts, outlines of the

basic concepts underlying each department, and other essential data.

Defense Department Reference Guide is an authen-

tic 140-page report, specially prepared by the staff

of Armed Forces Management magazine. To place

your order, merely fill-out and mail the coupon
below.

$1.00

SPECIAL ORDER FORM:

Armed Forces Management

American Aviation Publications
1001 Vermont Avenue, N.W.
Washington 5, D. C.

Payment

enclosed

Send Bill

Please send. .copies of the special

Defense Department Reference Guide @ $1.00 each

Name

Address.

City, Zone, State
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Pershing Costs May Run
$900 Million, Report Says

M/r has learned Army Ordnance's
solid-propellant Pershing program pos-
sibly may run as high as $900 million

and the timetable for production of the

second generation missile is three years.

Pershing's test vehicle will have two
stages; a 30-ft. length and a 24 inch

diameter. Sources say the second stage,

which will separate at about jet stream
altitude, will have parachute recovery.

A camera will be mounted in the final

stage to take photographs within a four
to five mile radius of the impact areas.

Such a small diameter indicates

the Martin Company, prime contractor
for the 500-700 mile MRBM, ap-

parently will put design features of its

pencil-shaped Vanguard structure to a
new and improved use.

Warhead-wise, it probably will mean
a payload meeting, or exceeding the

Navy's 650-pound Polaris. The Army's
200-mile limit on allowable missile

range has been relaxed, according to

Army Secretary Wilber Brucker, to the

extent that whatever range possible with

Pershing can be Army's operational

capability.

Martin's Orlando Division plant,

the first missile industry facility under
Army administration, will have com-
plete systems responsibility for Persh-

ing, although supervision will be by
ABMA.

Award of the Pershing contract last

month, worth several million dollars

initially, to Martin Orlando—one of
six bidding contractors—was a depar-

ture from the Army's practice of de-

veloping weapons at government ar-

senals rather than giving weapon sys-

tem responsibility to a prime contractor.

However, Martin has sales campaigned
actively for more Army projects since

establishing its Orlando Division, where
Army's Lacrosse, and the Missile

Master electronic control system are
being produced.

Pershing, sources say, will be stati-

cally tested on Martin's 7,000-acre pine

wood site south of Orlando. Flight tests,

possibly in 24-30 months, initially will

be at Cape Canaveral, Fla., about 60
miles from the Martin plant.

While no firm committment has

been made on Pershing's two solid pro-

pellant engines, Aerojet-General Corp.

and Thiokol Chemical Corp. reportedly

are neck-to-neck.

Martin has a half-million square

foot facility at Orlando, but with three

weapon systems in production, they are

feeling a space pinch. Further building

expansion probably will be dictated by
Pershing.

missiles and rockets
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List Solid Booster Data

for Hoi lornan Test Track

ALAMAGORDO, N. Mex.—The Hol-
loman track at Air Force Missile De-
velopment Center has released data on
commonly used solid boosters. Although
liquid-propellant systems with short

burning times are available, liquids are

recommended only for burning times in

excess of 10 seconds and where 20 or

more runs are to be made. The table

presents data on solid units used at

Holloman.

t 13-7 ui"7 g -~ t
= |l il M iH

Lolci 3,150 0.78 17.8 5.6

5" HVAR... 5,800 0.86 83.3 59.3

1. 8KS-7800.. 7,800 1.8 118.0 48.0

2. OCS-10000 10,000 2.0 224.0 122.0

2. 2KS-II000 11,000 2.2 256.0 113.0

2. 5CS-I8000 18,000 2.5 570.0 310.0

3. OKS-47000 47,000 3.0 1384.0 654.0

5. OKS-4500 4,500 5.0 236.0 1 1 1.0

Ballistic performance of solids are usu-

ally ±10% but control of specs can
bring it down to ±5%. Careful condi-

tioning of units to temperatures pre-

scribed by manufacturers results in pre-

dictable performance to ±3% of rated

thrust or less. The liquid unit in opera-
tion at this New Mexico track has the

following characteristics:

Thrust, Preset (lbs.) 35,000 to 50,000

Propellant LOX-Alcohol
Starting Wt. 0bs.) 3,200

Propellant Wt. (lbs.) 1,400

Burning Time (sees.) .... up to 4.5

Maximum Velocity (ft./sec.) . . 1,800

Maximum Payload (lb.) 1,200

Acceleration (g) 4 to 1

1

Cold Box for Nike-Hercules

Makes Weather for Testing

White Sands, N.M.—A mobile
weather maker—costing $80,000—-is

now simulating hot and cold field con-
ditions for the Nike-Hercules. The
portable conditioner can reach tem-
peratures of -100°F to 200°F. The de-

signer is Guldemann Construction &
Engineering Co. of El Paso, Texas.

Actual fabrication of the unit—meas-
uring 60 feet long, 14 feet high and 15
feet wide—was by another El Paso
firm, P&R Truck Equipment Co.

Built in two sections, the box can
completely cover the Nike while it is

on its field launcher just prior to firing.

It takes about two minutes to pull the

two halves apart and fire.

For the rocket and missile speed up programs ahead. .

.

Lebanon Steel's Special

Products Division offers

cast steel component parts

from 3 ounces to 300 pounds

TIME & r.OST S*

THIS CAST NOZZLE RING for a rocket engine illustrates how Lebanon Steel

Foundry can become indispensable to your missile or rocket program. Here
Lebanon's unique experience and facilities enabled production of a vital

component to proceed from drawing to finished part at minimum time

and at great savings in tooling and production costs.

This casting achieves all the advantages of precision methods. Tolerance

control demands absolute accuracy of core placement and smooth metal

surfaces cast precisely to drawing in order to reproduce the curved con-

tours of the internal passages, which would be virtually impossible to

machine. Cast holes are round on one side, rectangular on the other.

This casting was produced by Lebanon's CERAMICAST ® Process. No
other known method offers production of such an intricate stainless steel

component at anything approaching Lebanon's time and cost factors.

This experience is available to you now. To take the fullest advantage of

the assistance we can render in your rocket and missile prototype work,

consult us at the earliest stage of your design project.

j
Special facilities have been created at Lebanon to get all available

1 foundry engineering help to you when you want it. For immediate
f
" — action on your inquiry, phone or write DEPARTMENT AM.

'Produced under licensing agreement with Shaw Processes, Ltd.

LEBANON STEEL FOUNDRY
AIRCRAFT AND MISSILES PRODUCTS SECTION

. 1 71 LEHMAN STREET LEBANON, PENNA.r\
STEEL CASTINGS ^"N
for the SPACE AGE A
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Packard-Bell

tnjr staff report on markets:

Most Missile Money
Goes to Subsystems
MONEY FOR MISSILES is divided

between the following kinds of con-

tractors: prime systems, subsystems,

components and vendors.

By far the largest of these break-

downs is subsystems; next, probably,

components. Not only do Government
contractors buy subsystems direct, but

between 50 and 80% of all money
placed as prime systems contracts fun-

nels right through the prime contractor

to subsystems and components equip-

ment suppliers.

Though no precise over-all figures

are available, this probably means that

of the $3 billion to be spent on missiles

this year, some $2 billion will be spent

on subsystems and components. This

total should hit $2.5 billion out of ap-

proximately $3.5 billion in Fiscal Year
1959, and over $4 billion out of about

$6 billion in 1960. Missile research

and development is something else

again and is carried in separate fiscal

accounts.

Beyond 1960, the sky (literally) is

the limit, and it's anybody's guess as

to what that limit is. Least of all do

top Defense Department budget plan-

ners know how big the rockets, missiles

and space flight tab will be in 1961 and

after. Nor will they, until the present

period of elementary soul-searching and

decision is completed—probably along

about next fall, in time for working up
the fiscal 1960 budget requests.

All of these figures are applicable

only to missile and immediately-related

procurement. They include Polaris, but

not the launching submarines. They
include Bomarc plus launchers, etc.,

but not the actual construction of the

bases—a considerable sum in itself.

They do not include that portion of

research and development that goes for

missiles—perhaps half the $2 billion

slated for fiscal year 1959.

Nor do the budget figures stated

earlier include all of the ground-based

electronics required for missiles and
missile support. The Pentagon does not

give out missile share of these figures.

But it's a safe bet that a healthy portion

of the $864 million allotted to "elec-

tronics and communications" in 1959

will have to do with missile subsystems.

Add in these items and you can figure

on another $l-to-$2 billion in missile-

related procurement.

•Place in the industry—Subsystems

and components cover that mammoth
area of the missile market between the

prime systems contractor and the ven-

dor—without them the former would
not have a product, and the latter

would not have much of a market.

Most subsystem contracts are placed

by prime systems contractors, though

when a missile reaches the production

stage, the government also becomes an

important customer. In the case of

the Air Force's big ballistic missiles,

all subsystems contracts, even at the

research and development stage, were

placed as prime contracts by govern-

ment procurement.

Normally, however, the company
with systems responsibility places all

contracts for the completed missile

system; at least this is true up to the

point where the "bird" goes into volume
production. At that point the govern-

ment may or may not take over re-

sponsibility for placing subsystems

contracts on a "negotiated bid" basis.

The practice seems to vary arbitrarily.

• Definitions—A subsystem is a

major working part of the missile; a

component is a working part of that

subsystem. Thus the component—

a

complete-but-empty solid rocket motor

casing, for instance—becomes a sub-

system once it's loaded with propel-

lant and ready to be integrated into

the missile. In another case, an iner-

tial reference platform is a component

of an inertial guidance subsystem.

By one definition (and these vary

both in industry and government) the

typical subsystems include:

Payload (warhead), guidance, con-

trol, auxiliary power unit, propulsion,

missile body, ground support, ground

handling gear and launching equipment.

In turn, these break down into

components like this:

Payload is made up of container,

explosive (if that's its mission), and

fusing mechanism.
Guidance consists of a position

locator (radar, radio, infrared, sound,

inertial reference platform, celestial

74 missiles and rockets



triangulator, etc.), computer (which

may be missile-borne, ground based or

both) and instructor circuits.

Control has two major com-
ponents: transmission (hydraulic, elec-

trical or mechanical) and controller,

such as movable aerodynamic fins-

vanes placed so as to deflect the rocket

exhaust gases, a gimballing system on

a liquid propellant engine, special aux-

iliary jets powered by steam (H2O2),

or rocket exhaust to control roll, pitch

and yaw.

In addition, there are thrust con-

trollers, engine cut-offs, stage separators,

and flow-metering circuits.

The auxiliary power unit supplies

power for guidance and control. Its

components break down into a hydro-

gen peroxide generator; a small rocket

motor or a bleed-off system from the

main rocket exhaust; turbine; alter-

nator; and hydraulic pump. Or, if it's

battery powered, batteries replace the

high velocity gas source and turbine

assembly.

Except for air-breathing missiles,

which use ramjets or conventional

turbojets, propulsion divides between
liquid and solid propellant rocket

motors. Components for solid rockets

consist of casing, liner, resonance rods

(if any), igniter and of course the

charge itself—a polymer-bound mixture

of oxidizer and fuel. Liquid engines are

more complex. They include: fuel and
oxidizer tanks, pumps, valves, injection

head, combustion chamber, and nozzle

assembly.

• Airframe and support—The air-

frame may be ribbed, skinned and
riveted (as with aircraft), but more
often it's machined and welded, either

of steel or aluminum and—rarely

—

of plastic.

Airframe, in this definition, also

includes the nose cone, which may be

machined from a heavy forging and
coated with heat resistant material to

enable it to withstand the high heating

rates of reentry into the earth's atmos-

phere; or it may have to be trans-

parent to infrared and radar and thus

be of plastic or glass.

Ground support equipment in-

cludes such components as: Liquid

oxygen generators, ground-based com-
puters, check-out gear ("go, no-go

boxes"), ground-based computers, radar,

telemetry receivers, fuel trucks, pumps,
Sre fighting equipment, protective

clothing, cherry pickers, pressurized

nitrogen and helium transporters, elec-

tric blankets (to keep solid propellant

rockets warm in winter), and portable

electric generators.

Ground handling equipment is the

gear that actually handles and moves
1 missile about. This may be a gantry

crane, a dolly, a tractor-trailer combina-
tion, various special fittings, etc.

Launching equipment is the

launcher that holds and positions the

missile for firing. Its components would
probably include a hydraulic system,

power supply, launcher and blast de-

flector equipment.

Generally speaking, ground support,

ground handling and launching are

lumped into a single generalized equip-

ment category.

In addition to these various individ-

ual items of hardware, with bigger

missiles such as ICBMs, and with anti-

aircraft missiles like Nike and Bomarc,
there is a considerable amount of site

construction—calling for such things

as reinforced concrete, roads, under-

ground storage tanks, buildings, and
hangars.

And with each individual missile

system, there are always a few unique
problems, depending on whether the

bird is big or small; whether it's air-

launched, ground-launched or ship-

launched; whether it's a fixed base item

or is mobile; whether it needs to be air

transportable or air dropped.

Take Polaris, for example. With
any long range ballistic missile, the

precise location of launch, relative to

target, must be known in order to feed

in proper guidance instructions. Polaris

will be launched from a submarine. So
in addition to everything else, every

Po/ara-launching submarine will have

to be equipped with a highly complex
and costly system known as SINS

—

Shipboard Inertial Navigation System

—in order to fix its position.

It's tough to separate markets. No
one in the Army, Navy, Air Force, Ad-
vanced Research Projects Agency or

the Department of Defense has yet

been able to "break down" missiles—as

to industrial requirements per program,

flow and distribution of money to and
through industry, their total impact

on the economy. In other words, there

is no easy way to determine who's got

the money, which subsystems get the

most money, just where the most lucra-

tive markets are.

• Ways to figure—However, there

are enough individual examples float-

ing around to enable an enterprising

salesman to draw his own conclusions.

No two missiles are alike, but a

very rough break-down of how the

missile system money is distributed to

the various subsystems goes like this:

Missile-borne electronics and guid-

ance, 20%; control, 5%; payload,

15%; propulsion, 10%; ground sup-

port, 15%; ground handling, 10%;
launching, 10%; airframe, 15%. In

the larger missiles (to which these fig-

ures apply) the cost of an auxiliary

power unit in production runs less

than 1%.
From another viewpoint, recently

released figures for a 10-bird opera-

tional Atlas ICBM base, state that the

10 missiles on site will represent less

than 20% of the total cost. Almost
40% will be in ground-handling, sup-

port and launching equipment, 10%
in spare parts and 30% in what the

Pentagon calls "technical facilities."

Actually, if you add up all the elec-

trical-electronic gear in a missile sys-

tem you'll often come up with a value

of over 50% of the whole system.

Take Thor: this bird now costs

about $1 million. Its missile-borne

guidance accounts for about $250,000
of that—though hopes are to get the

price tags down to $750,000 and

$190,000 respectively. Present cost of

guidance for Jupiter is also $250,000.

A launcher for a Bomarc costs between

$45,000 and $65,000, depending on
who is bidding.

An empty Nike booster case costs

something under $1,500. A machined
magnesium housing for an autopilot

electronics package may run $200-to-

$300. A wave-guide for checkout bal-

ance system may run $35; a thrust sus-

tainer cone, $3,900. A small solid pro-

pellant motor, such as Recruit can be

had, off-the-shelf, for under $1,500. Its

bigger brothers, such as Polaris' main

stage propulsion unit, will run to many
thousands of dollars.

• Who buys—As to who the cus-

tomers are—the answer can be almost

anybody.

All told, there are two-to-three

dozen prime systems contractors scat-

tered all over the country.

According to Courtland S. Gross,

President of Lockheed Aircraft Corp.,

of 43 missiles of all types, West Coast

companies are involved in 25 and have

prime contracts on 14. Convair-Astro-

nautics spends up to 70% of its missile

money outside of the division. One esti-

mate is that Convair-Astronautics will

spend $92.3-million this way in 1958.

Boeing also subcontracts out 70% on

the Bomarc, including all ground sup-

port equipment. Raytheon Manufactur-

ing Co. subcontracts all ground support

and propulsion on the Hawk.

Ford Instrument Co., a division of

Sperry-Rand, subcontracts 75% of its

work on Jupiter guidance outside of

the division and 35% outside of the

company entirely. AC Sparkplug divi-

sion of General Motors figures on
spending 50% outside of its own plant

in its work on Thor guidance.

This, in brief, is the missile sub-

system and component market.

It is big and getting bigger.
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Photography by Seabrook Hull

COMPONENTS
in production

IT TAKES A LOT TO MAKE A MISSILE—a lot of man-
hours, facilities, steps, skills—and lots of money. Bits, parts

and pieces are made from basic stock; these are put to-

gether and become components; components, assembled,

become subsystems; and subsystems become weapons sys-

tems. On these two pages are components in the making.

The totem-pole series of pictures to the immediate right

begins with a missile piece being forged at Ladish Company.
Moving down the column, the aft closure forging of a Nike-

Hercules sustainer comes out after shot-cleaning—ready for

rough machining. Next, a machinist at the Ingersoll-Kala-

mazoo division of Borg-Warner Corp. does final truing up
of a Nike booster casing after heat treating. Then, a Gov-
ernment inspector uses special equipment to check dimen-

sions and tolerances. And finally, the completed Nike sus-

tainer is carefully transported to the paint shop.

The unusual pattern in the picture to the top left of

this page might be entitled: "So you think you know rock-

ets!" A few readers will recognize these structures as res-

onance rods to stabilize the burning in a solid motor.

For another pattern in missilery, note that photograph

to the lower right of the page opposite. This sparkling array

of Nike sustainer casings is dramatic proof that today the

missile is indeed a production item.
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Just as the research and development of rockets and
missiles brought forth whole new sciences and tech-

nologies, so does their entry into production bring
changes and improvements to the assembly line.

Here, through a marriage between hydrospinning
and precision machining, time and dollars are cut

from the cost of a nose section for an IRBM. This
production technique holds great promise for the

manufacture of even larger one-piece missile sec-

tions. This technique is applicable to hemispherical
shapes, nose cones, nozzles, and even large rocket

casings. Virtually any metal from aluminum through
the range of the high temperature alloys is suscepti-

ble to this approach. These pictures were taken at

Diversey Engineering Company who, along with

Borg-Warner and General Electric's Rocket Engine
Section, is pioneering hydrospinning.

Closer tolerances in the production of large metal

sections are called for in rocketry than ever before

has been required of a mass production industry.

To the left, a final check of finish and dimen-

sional tolerance is made before shipment of the

IRBM nose section. The picture at lower left shows

another vital step in the production of a large solid

propellant motor. Here, the core mold that will

define the rocket's burning area is being machined

on a Monarch air gauge tracer lathe. This is a

touchy operation: the mold is machined from solid

stock of the highest quality. If at any point too much
material is taken off, the piece must be discarded.

Such requirements are commonplace on missile as-

sembly lines. Rejections are few—a real credit to

American industry.



FIG. 1 AND 2—End view of diesel-powered electric set control panel showing: 1) Speed droop control 2) Engine controls

3) Main power contactor 4) Voltage reference 5) Line droop compensation 6) Heater controls 7) Main power circuit breaker]

(left) An electric set is shown (right) undergoing testing in a "cold room" facility.

Diesel Units Power Ground Support

by J. H. Ashton*

IT HAS BEEN SAID that more money
is spent on ground support equipment
than on missiles themselves. This may
be an exaggeration, but it does point

up the growing importance of ground
support equipment in the military

weapons system.

The switch to jet aircraft, with their

electronic navigation and fire control

systems, required ground power units

to be changed from low voltage dc to

400-cycle ac. This reduced the size and
weight of airborne gear and eliminated

low voltage power line loss. The switch

to missiles, demanding high accuracy,

increased operating speeds and ex-

tended range of operation have ex-

panded these requirements. Quality

power is directly reflected in higher

.quality components requirements for

using independent ground power units.

There; are three basic reasons for

using independent ground power units.

They must be able to operate inde-

pendently of utility power sources,

since utility power stations, substations

and transmission lines are extremely

vulnerable to sabotage.

The units must be mobile to permit

missile sites to be moved swiftly from
one location to another for evasive

actions.
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There is also the need for more
precise control than is available from
utility power sources.

A diesel-driven electric unit that

provides power at calibration and dur-

ing firing standby for the Snark missile

is shown at upper right. At the time of

launching, the diesel electric unit is

operated in parallel with the missile's

internal power supply. Accuracy of the

missile will depend upon the accuracy

of calibration and the calibrating power
unit. The calibration margin of error

becomes more critical as the range of

the missile and speed of operation is

increased.

• Unit Power Requirements—Pro-

curement specifications for the diesel-

powered electric set used with the

Snark missile require that the unit be

capable of:

1) Rating of 60 KVA at 0.8 power
factor (48 KW—capability of 60 KW),
120-208 volt, 3-phrase, 4-wire, 400-

cycle. Speed of operation 1714 rpm,

approximate weight 6000 lbs. without

undercarriage.

2) Amplitudes of all harmonics

(peak values) not to exceed 2 per cent

of the fundamental amplitude at no

load, half load and full load.

3) Voltage to recover and remain

within one per cent of rated value ini

0.15 seconds or less under full load ap-i

plication or rejection. A voltage tran-i

sient not to exceed a band between
108-121 volt range for more than 1.25

milli-seconds with the nominal voltagei

set at 115 volts for a 25 per cent load

variation. Under full load transients,)

the frequency must stabilize within 1.5

seconds, with the speed not exceeding a;

plus or minus three per cent of ratedi

speed.

4) Voltage modulation must nofe

exceed one per cent from zero to

full load with per cent of modulationi]

defined:

Emax. — Emin.

Emax. + Emin.
x 100

5) Output frequency to be withini

a band of ± 1/3 of one per cent o%

all stead-state load conditions fromi

zero to full load.

6) Unit to be winterized for start-

ing and operation at -65°F.

7) Must have local and remote

control operation of frequency and
voltage.

^Manager, Engineering Engine

vision, Caterpillar Tractor Co.

Di-

missiles and rockets



IG. 3 AND 4—The final assembly line in the Caterpillar electric set manufacturing plant (left). Wheel and skid mounted 400-

ycle units are produced on parallel lines. Closeup of fuel system (right) 1) Fuel injection pump 2) Hydraulic fluid reservoir

) Hydraulic servo and governor electrical connections 4) Hydraulic servo 5) Hydraulic pump

8) Provide line group automatic

ompensation for any combination of

5sistance and reaction drop up to ten

er cent.

9) Provide voltage sensing at either

)cal or remote terminals.

10) Electric set to be skid-mounted
'ith provisions for trailer under-car-

iage and running lights.

11) Unit to be designed for all

Qvironmental conditions including

igh and low temperature, humidity,

Ititude, salt spray, fungus, rain, sand
ad radio interference.

•Diesel Operation—The diesel en-

ine power package can meet most
lissile requirements, and is constantly

eing improved. An example is the

Dld-room tests performed in a con-
nuing effort to improve the operating

mitations of the engine (Fig. 2).

In a diesel engine, fuel metered into

le combustion chambers provides fast

sponse after a load change is in-

cated by the governor. Fig. 5 shows
le operation of the fuel injection

}uipment. A close-up of the mounting
f the hydraulic components of the

svernor is shown in Fig. 4. Interior

id exterior views of the electrical

antral panel are detailed in Fig. 1,

In addition to the requirement for

Drtable electric sets, there is also a
pquirement for stationary power units,

hese units are used in fixed missile

istallations and for support of de-

plopment programs, such as cora-

mnication requirements and down-
inge missile tracking stations.

•Production Development—Diesel

ectric units are procured late in the

pvelopment period of the missile sys-

tm, since most of the individual

retem requirements are not known
atil their development is complete,
urthermore, it is impossible to deter-

lay, 1958

mine early in the program the quan-

tity and quality of power that will be

required. Thus the manufacturer must
guarantee performance with an ex-

tremely short lead time prior to actual

production.

A number of electric sets, in vari-

ous configurations, are currently being

supplied to the missile support market.

Increased activity in the development

of both offensive and defensive weap-

ons systems will greatly expand the

market for diesel electric sets and

other diesel powered support equip-

ment. Each missile system will un-

doubtedly have individual require-

ments which will prevent any great

degree of standardization.

FIG. 5—Schematic of fuel pump operation. 1) Pump fills 2) Injection begins 3) In-

jection ends 4) Shut oil 5) Idling 6) Full load



new missile products

An m/r Missile Component and Products Survey:

Tiny, Rugged—and Vital to Missiles

by Frank McGuire

One highlight of this year's IRE
show was the variety of new ideas in

the transistor field. Transistors rugged

enough to be shot from a 12-guage

shotgun (upper left) were displayed

by the General Electric Company. The

extreme ruggedness achieved with

these units stems from a newly-de-

veloped mounting of a germanium or

silicon bar. Instead of suspending the

germanium or silicon between up-

right posts in the conventional man-

ner, GE mounts the semiconductor

on a flat, circular, ceramic wafer.

The wafer rests solidly on the base

of the transistor housing.

Delco division of General Motors

showed a new high-power, high-fre-

quency transistor (center left) feat-

uring a maximum collector voltage

of 80 volts, low leakage current, and

high temperature characteristics. At
25 °C, the collector cutoff current for

60 volts is only 2 ma maximum, and

at the important operating point of

Vc= 2 volts, the collector cutoff cur-

rent is 50 microamperes maximum.

Two new developments in all-

glass housings were shown:

General Electric displayed ;

package claimed to be the first ft

meeting the TO-9 outline dimensioi

standard for low power signal trans

sistors recommended by the indusl

try's Joint Electron Tube Engineer

ing Council (bottom left).

Corning glass works introduced !

two-piece transistor case (bottoni

center), with case pieces hermeticaffi

sealed at 1000C, while temperatureii

near the semiconductor element art

kept in the region of 150C. Curren

production is limited to the 200 mil

lead circle type, but Corning clairni

that other sizes will be available I
the future.

Another product displayed b

Corning was a fused silica cruciblt

for melting silicon, germanium ani

other semi-conductors where ex

tremely careful control of purity i

required. The new crucibles (bottorl

right) are made by automatic picP

duction methods from fused silica;

pure silica glass with impuritie

measured in parts per million or less

80 missiles and rocket



n silicon crystal growing, this glass

3 used in temperatures near 1450°C.

The crucibles are being made in sizes

ip to two and one-half inches diam-

ter and three inches long.

Consolidated Electrodynamics has

leveloped a new instrument in the

>scillographic field, the Datarite (top

sft) , a combined magazine-and-

»rocessor which allows a test en-

;ineer to view test data a split sec-

>nd after it has been produced. By
aeans of a revolutionary processing

echnique, the new unit provides de-

reloped and dried photographic rec-

ords as fast as the recording oscillo-

;raph registers the data.

Two models of the Datarite fit

Honsolidated's type 5-114 and 5-119

ecording oscillographs without modi-

ication of any kind. The flash-pro-

:eeded record emerges from Datarite

mmediately, and the traces are in-

tantly visible as the record leaves

he slot. After fixing, quality is equal

o conventionally-processed records,

-lowever, fixing is unnecessary as the

ecord will become stable in a few

lays without further processing.

Another new product, a highly

inique 3-layer motor shield (top

ight) to attenuate magnetic and elec-

rostatic noise, was displayed by the

Magnetic Shield division of Perfec-

ion Mica Company. The shield at-

enuates both high and low frequen-

cies at high and low intensities, per-

aitting niiniaturization of servo, syn-

hro and other small motor systems

ty confining the motors radiated

loise.

Avco's Research and Advanced

development Division has now made
t possible to transmit information at

ither l/50th or l/20th of its record-

tig time. This two-unit precision

ape-recording communication system

3 called the Avcom Compressor-Ex-

>ander, model CEM-50-1 (second

rom top right).

The unit allows high-speed trans-

er of serialized digital information at

.200 words per minute (20:1 corn-

session ratio) occupying a band-

width from 300 to 3000 cps. At 50:

1

impression, output of 3000 words
>er minute is achieved on a trans-

</1ay, 1958

mission band from 750 to 7500 cps.

These high-speed digital signals are

recorded for direct operation of a

standard teleprinter or tape puncher

at a low-speed playout of 60 words

per minute.

Corning Glass announced that it

was now producing CY-type fixed

glass capacitors with a full rating at

125 degrees C (third from top right).

Meeting all MIL-C-11272A require-

ments, these capacitors are available

with voltage ratings of 300V and

500V DC. Volume of the capacitors

range from 0.005 cubic inches for the

CY10 to 0.080 cubic inches for the

CY30. For applications where ex-

treme miniaturization is needed,

capacitors with one-tenth the volume

of standard CY types are attainable.

Statham Instruments Inc., an-

nounced the development of a new
concept in the design of unbonded

strain gage accelerometers. The use

of gas damping, incorporated in the

Model A501 accelerometer (bottom

right), permits the operation of the

device over a wide temperature

range without the addition of a tem-

perature jacket.

At temperature extremes, such

as —65 to +200 degrees F, the

useful frequency band of the A501
is approximately the same as that

for a conventional accelerometer at

room temperature. The new unit is

offered in ranges from plus or minus

5 to 50 g's.

Other new products displayed by

manufacturers include products shown

on this page and on following pages

of the New Products section. The

theme of this issue is Components

and Sub-systems.
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This issue of ml r emphasizes the importance and variety of products

which make up a missile and its associated equipment. There has been no
attempt to make this report all-inclusive, in view of the rapid growth and
diversity of the American missile industry. Because electronics and electrical

equipment comprise the greatest portion of any missile system, these products
are featured in this survey.

Electrical and Electronic

Waveguide Terminators

Have Variable Adjustment

Polytechnic Research and Develop-

ment Co., Inc. has developed a series

of sliding waveguide terminations with

frequency ranges from 2.6-3.95 kmc/s
to 26.5 40 kmc/ s, and a maximum
vswr of 1.01.

These units consist of a tapered

waveguide section in which is mounted
a sliding low-reflection load attached

to a plunger. The plunger is moved
in and out of the waveguide section by

means of a knob at the end of the

guide. In this manner, the load posi-

tion is variable through at least Vi

wavelength at the lowest waveguide

frequency.

This variable adjustment offers a

distinct advantage in that it allows

phase reversal of the residual reflection,

so that this reflection can be separated

from the other small reflections in the

waveguide system. A locking screw

allows the load to be fixed in any de-

sired position.

In some types the load consists

of a Synthane strip, while other types

use a metallic film evaporated onto a

Fiberglas base.

Circle No. 256 on Subscriber Service Card.

Two-Station Thermocouple

Gauge Available

A two-station thermocouple vacu-

um gauge is available from the

Rochester Division of Consolidated

Electrodynamics Corp. The gauge,

designated GTC-100, measures the

total pressure in a vacuum system on
a single scale. The non-linear scale

is marked from to 1000 microns Hg,
with 5 microns the lowest indicated

division.

The GTC-100 can be calibrated

without the use of a reference gauge.

It can also be used as a moderately

sensitive leak detector throughout its

range from 1 to 1000 microns. The
TG-77 sensing tube cannot be harmed
by exposure to atmosphere. Zero drift

has been reduced by the use of lower

heater current to decrease the rate of

thermal decomposition of organic

vapors within the tube.

The GTC-100 gauge, obtainable

with one or two sensing tubes for use

as a one or two station gauge, can be

used with an accessory panel mount-
ing kit. The gauge is 4%" high, 6 Vz"

wide, 3% " deep and weighs 4V2 lbs.

Printed circuitry has been used to

give a smaller more compact package
than previous thermocouple models.

It will operate from either a 115 or

230-volt power supply.

Circle No. 252 on Subscriber Service Card.

Waterproof Toggle Switch

Has Simplified Mechanism
A waterproof switch has been de-

veloped by Control Products, Inc. This

switch has a "stay-on, stay-off" feature

similar to a toggle switch, without the

conventional toggle switch mechanism.
The switch is completely protected

against water and dust by being en-

closed in a silicone boot that is per-

manently bonded to the silicone leads.

It can be furnished in various lead

lengths for other types of applica-

tions where there are severe water,

steam, humidity, or chemical solution

conditions.

Electrical rating is 15 amperes re-

sistive at 115 vac with an expected

life of at least 25,000 cycles.

Circle No. 239 on Subscriber Service Card.

Limit Switch Handles

Extra-Heavy Loads

Two new small-size, two-circuit limit

switches said to handle load capacities

usually assigned to much larger limit

switches have been announced by
MICRO SWITCH, Division of Min-
neapolis-Honeywell Regulator Co.

One switch (designated ILSIO) has

a rod actuator and is field adjustable

through 360°, locking positively in any

position. It can also be adjusted to

operate in either or both directions.

The head assembly can be positioned

in any of four directions. This switch

can be used in applications requiring

low force and special lever forms.

The second switch (designated

8LS1) has a flexible coil-spring actuator'

that permits operation from any direc~

tion except direct pull. Easily operated)

by large, irregularly-shaped objects, thisj

type is well suited to conveyor andj

counting applications.

On both switches, complete sealing

protects all moving parts from dust
and moisture. The replaceable basic

switches are rated at 10 amperes, 120,

240, or 480 vac; V2 H.P., 120 vac; 11

H.P., 240 vac; 0.8 ampere, 115 vdc;

0.4 ampere, 230 vdc; 0.1 ampere, 550
vdc; pilot duty rating, 600 vac max.

Circle No. 231 on Subscriber Service Card.

Solenoid Eliminates

Mechanical Linkage

The Leetronics Co. has announced
the development of a rotary solenoid

embodying a new concept in solenoid

design and providing true rotary motion
from an ac or dc input without utiliz-

ing linkage.

A feature of the design is that the

output torque and angle of rotation;

are easily selected and adjusted. They
are changed by shifting two stops that

limit rotor travel. These stops allow

selection of any portion of the overall

"Motoroid" torque curve and rotation

that suits a design.

The Motoroid 100 Series Model is

the first of a complete line. It is a]

medium torque model that provides

outputs of up to 4 inch pounds.

The units are available in closed or

open-frame type and in continuous or

intermittent duty models with either

left or right hand rotation standard.

They have an operating temperature

range of -65° to +300°F (special

models up to 500°F).

Standard operating voltage is 110]

V, 60 cycles ac. Other voltages and

dc are available on special orders. The
standard angle of rotation is 60°.

Longer travels can be designed upon
request.

Circle No. 234 on Subscriber Service Card.

Decade Counter Has

One Microsecond Reset

Burroughs Electronic Tube Divi-

sion has introduced a new megacycle

decade counter with Nixie numerical

readout tube. This is claimed to be;

the only decade counter with provision

for resetting from new position to zero

in less than one microsecond.

Designed as a companion unit to the

decade counters types 101 and 102,

whose counting rate is 10 kc and 100

kc respectively, this plug-in unit can

achieve the highest speed counting
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Read/Write Amplifiers Provide Versatility

and resetting, while still making all 10

outputs available for print-out or other

general purpose applications. The power

requirements are 300 v—30 ma dc and

6.3 v—0.9 a ac. The unit features high

reliability through the use of the beam
switching tube. The Nixie indicator pro-

vides precise in-line figures visible at 30

to 40 feet.

Circle No. 243 on Subscriber Servce Cord.

Event Recorder Features

One Hundred Channels
Brush Instruments is producing a

100-channel event recorder which mini-

mizes the amount of time, space and

equipment needed to perform complex

checkouts on critical systems and ac-

companying processes.

The instrument permits recording

of 100 channels of sequential or opera-

tional information simultaneously—in-

dicating any number of events per-

taining to electrical or physical phe-

nomena data.

The event recorder, Brush Model
RE 3610 00, records static and dy-

namic data on a moving chart 12"

wide and 500' long. A record of events,

their duration and their time relation-

ship to each other, appears on the

chart less than one millisecond after

the electrical current is switched

through the stylus. The electric writing

method provides reliable, dry and per-

manent charts.

Rapid response of the Event

Recorder permits up to 500 signal

changes per second. Instantaneous

electric selection of eight standard

chart speeds with on-site or remote

operation, and a chart speed accuracy

within one-fourth of one per cent of

established speed at constant line fre-

quency are among the instrument's

features.

The device is designed for com-
pliance with military specifications and

may be mounted in any standard 19"

rack, table console or mobile chart.

Net weight of the event recorder is

60 lbs.

Circle No. 232 on Subscriber Service Card.

Spectrometer Features

Automatic Readout System
A Direct Reading Spectrometer with

a completely automatic glow tube read-

out system has been developed by
Baird-Atomic, Inc. A highly accurate

analytical system to be used in con-

junction with automatic data processing

equipment, the B-A Direct Reader is

equipped with an automatic glow tube

readout system. This is the first unit of
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Decisional Control Associates' all-

transistor read/ write amplifiers are

claimed to provide the system designer

with a complete set of building blocks

for digital magnetic tape applications.

The circuits are easily incorporated

into any type of digital system.

Voltage levels are compatible with

either transistor or vacuum-tube sys-

tems of logic. The write amplifier uses

logical combinations of two input volt-

ages to provide both return-to-zero

(RZ) and non-return-to-zero (NRZ)
modes of recording.

Pulse response at the two inputs is

matched to assure uniform reproduc-

tion regardless of tape saturation direc-

tion or mode of recording. The basis

read circuit is a linear amplifier with

a voltage gain of approximately 2500.

Liberal feedback is used to preserve

its kind to present information capable

of being fed directly into electronic

computers.

This auxiliary equipment permits

the reader to perform 1080 determina-

tions with complete data processing in

about two hours. Prior to the automatic

unit, 180 determinations with manual

data transfer would require many ad-

ditional hours.

The B-A Automatic Direct Reader

provides simultaneous measurement of

18 of the 36 elements which the instru-

ment is capable of measuring. The
spectural intensities of these elements

are measured by photomultiplier tubes

positioned behind exit slits at selected

wavelengths.

The output voltage of each tube is

pulse waveform and the frequency pass

band is carefully shaped to provide

maximum noise rejection. A variety of

transitional output circuits is available

to supplement the basic read amplifier.

Modular design adapts the new cir-

cuits to use in systems of any number
of channels. Each amplifier is pack-

aged on an etched circuit plug-in card

3V4 inches by 5Vz inches. A typical

read/ write system for eight channels,

consisting of write amplifiers, read

amplifiers and transitional output cir-

cuits, is contained in a single module
occupying 3V2 inches of panel space.

Transistors as active elements and
operating margins consistent with good

digital practice are claimed to result

in circuits of outstanding reliability,

even at high digit transfer rates.

Circle No. 237 on Subscriber Service Card.

proportional to the amount of the ele-

ment contained in the sample being

analyzed. The voltage is interpolated by

an electronic glow tube counting sys-

tem into digital values, which can be

handled by the punching mechanism of

the IBM system and automatically

processed.

Circle No. 241 on Subscriber Service Card.

Thirteen Ultrasonic

Systems Introduced
High capacity, production-size ultra-

sonic cleaners, metal-finishing and'

chemical process machines have been

introduced by the Narda Ultrasonics

Corp.

The series 600 line comprises
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thirteen different ultrasonic systems

made up of various combinations of

the SonBlaster generator and Son-

Blaster Ultrasonic Transducer Models
NT-601 to NT-609.

The stainless steel transducerized

tanks in this series range from Vi

gallon to one gallon capacity with

single or double tank compartments.

Some feature inlet and outlet taps for

hook-up with external recirculating sys-

tems; others feature self-contained re-

circulating pumps, filters and tempera-

ture controls.

Submersible models NT-604 and

NT-605 are hermetically sealed in leak-

proof heliarc-welded stainless steel

cases for use in installed solvent de-

greasing tanks, process tanks, metal-

finishing, metal washing, and heavy-

duty cleaning tanks of varying sizes or

volumes.

Circle No. 230 on Subscriber Service Card.

AC Summing Amplifier

Weighs 12 Ounces
An ac input-output summing am-

plifier designed for 400-cycle operation

has been made available by Waldorf
Instrument Co. Weighing only 12

ounces, and measuring approximately

2V2" x \W x 2Y2", the unit has an

all-transistorized construction offering

low power consumption (50 ma drain

at 45 v) and high resistance to shock

and vibration.

The Summing Amplifier, W1806,
may be specified with 7 or 9 pin-con-

nectors or for connection in printed

circuits. With a phase shift of less than
1° 20 cps to 1 kc, the unit has a signal

frequency of 20 cps to 2 kc (within 1

db at 250 mw output), an input im-

pedance of 3000 ohms and a 10 ohm
output impedance.

Circle No. 229 on Subscriber Service Card.

Temperature Transducer

Has 0.1 °F Accuracy
A sensitive, highly accurate temper-

ature transducer with fast response is

being produced by Astra Technical In-

strument Corp. The instrument is de-

signed for measuring static and flow

temperatures of liquid gases used in

rocket motors.

An exposed element in the unit

provides a response as fast as 10 milli-

seconds. Using an amplifier supplied

by the manufacturer, a response of one

millisecond is possible. Accuracy is

better than 0.1 °F., depending on the

ability of the readout equipment, and
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resolution of 0.1°F. is obtainable. Us-
ing the matching amplifier, an output

of ±5vdc per 100°F. can be provided,

with a maximum output of ±20 vdc
available.

Maximum operating current: 5

milliamperes. Operating range:—450^.
to 2000°F. in eight increments, with.

+3500°F. available as special.

A probe-type instrument, it meas-

ures temperatures of air, water, ethyl

alcohol, liquid nitrogen, liquid oxygen,

gaseous nitrogen, lubricating and hy-

draulic oil, and other fluids. Unit with-

stands acceleration to ±25 g at to

200 cps.

Circle No. 225 on Subscriber Service Card.

Rate Analyzer Offers

Solution to Test Problems

Schmeling Electronics has in pro-

duction their Model 140 Universal Re-

lay Analyzer. This test instrument pro-

vides fast accurate testing of relays

under actual contact loading, including

dry circuit switching, according to the

company.

Model 140 checks every phase of

relay operation as follows: precise

check of pull-in and drop-out voltage,

exact measurement of contact make
and break time, accurate evaluation of

contact bounce, overlap time on make-
before-break and break-before-make

contacts, and contact resistance meas-

urement with simultaneous observation

of all relay contacts.

A cycling circuit permits automatic

cycling of the relay at a rate selected

by the operator. Adapters to accom-
modate various relay types may be

plugged into the front panel. These

are designed so they may contain

switches for special measurement, such

as analyzing relays with 8 form "C"
contacts.

Accessories supplied include a uni-

versal adapter with wire leads and
miniature alligator clips, connector for

external contact power supply and con-

tact loads and instruction manual.

General specifications includes

—

Input: 117 volts, 60 cps, 180 watts.

Size: width 13", height 16%", depth

I8V2".

Circle No. 233 on Subscriber Service Card.

Timer Measures
Billionth of a Second
A timing device that measures time

intervals as short as a billionth of a

second has been developed by Eldorado
Electronics Co. The new instrument,

known as "Nanosec," extends the art

of time measurement three orders of

magnitude from the millionth of a

second range possible with present

equipment. A billionth of a second (or

nanosecond in the metric system of|

measurement) is the time it takes light

to travel approximately three feet.

Intended originally as a nuclear

research tool, "Nanosec" can be used

in the fields of radar, computer and
solid state physics where requirements

have outstripped the ability of conven-

tional instruments. "Nanosec" applica-

tions include neutron time-of-flight

measurement, determining the half-life

of short-lived radioisotopes, fast-co-

incidence circuit studies, delay line cali-

bration in radar circuits, and transient

time studies.

"Nanosec" consists of two basic ele-

ments—a time-to-amplitude converter

and a 20 channel amplitude analyzer.

In use, a time interval under measure

is converted to a pulse of proportional

height. The pulse height is measured

by the amplitude analyzer and,

registered in one of the analyzer

channels. Each channel corresponds to

a known time interval. By noting which

channel registers, the operator can|

determine the time interval.

Circle No. 238 on Subscriber Service Card.

Phase-Lock Discriminator

Features Modular Design
Hallamore Electronics Co. has de-

veloped a phase-lock discriminator in

building-block form. The unit, HEC-
0162, eliminates suppression of signals;

by noise, non-linearities introduced by

filtering, and thresholding at lova

signal-to-noise levels.

The company says operation

missile data reduction centers has dem-
onstrated the capability of the dis-;

criminator to produce reliable data at

missiles and rockets
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S/N ratios, which renders pulse-count-

ing type discriminators inoperative.

The HEC-0162, one in a series of

building-block components, is said to

simplify operational procedures, af-

ford economy in mounting space,

eliminate system errors and provide

a near-optimum information handling

efficiency.

Standard production models in-

clude all IRIG channels, including the

optional wide band (15% deviation)

channels. Non-standard discriminators

are fabricated according to customer

requirements.

Circle No. 248 on Subscriber Service Card.

Electromagnetic Transducer

Accurate to 1 Sec. of Arc

Sterling Precision Corp. is pro-

ducing a new T833 transducer—a dif-

ferential transformer type pickoff con-

sisting of an E-Core stator and one or

more separate companion rotors. The
transducer, or "E Coil," is accurate to

1 sec. of arc and is used in position

pickoff in servo rate or optical systems.

Although primarily designed as a

positional trip on Sterling Test Turn-

tables, the unit may be adapted for use

as an electromechanical transducer for

precise measurement of both linear and

angular displacements.

The dimensions of the Sterling

transducer in potted core are IY2" x

Mechanical and
Million BTU/hr Heater

For Ground Support

A liquid heater, with output vari-

able from to 1 million BTU/hr, has

been designed to be extremely com-
pact for missile ground support appli-

cations. The unit, manufactured by
Janitrol Aircraft Division, automati-

cally maintains liquid at any desired

temperature. It operates as a com-
plete heating system for such appli-

cations as missile-fuel heating during

transfer, vaporizing, maintaining liquid

temperature during storage, providing

personnel comfort heat in building and
support vehicles.

The heater stands 46Y2" high, is

18 Vi" in diameter, and complete with

controls weighs about 257 pounds.

Radio noise shielding meets the re-

quirements of MIL-1-11683 and it will

operate in extreme environments to

—65 °F. Designed for multi-fuel use,

the liquid heater can be adjusted to

5/s" x W high, while in potted housing

the dimensions are 2" x IY2" x 3A".

The rotor face is .250" diameter round
or .250" square. Excitation: 5 to 100

ma/ 300 cycles to 2 KC. Sensitivity is

measured at 0.1 ma per .001" per ma
excitation at 400 cycles.

Circle No. 251 on Subscriber Service Card.

Improved Data System

Now Available
Beckman Systems Division is pro-

ducing a new data processing system,

the Model 123. The system has been

designed to meet the needs for a high

quality data handling unit, retaining

the concepts of reliability and ac-

curacy in processing.

The Model 123 is equipped to

scan 100 points at the rate of one per

second. The system provides 25 com-
binations of scaling and zero off-set,

high or low alarm limits and square

root extraction for flow measurement
computation.

It utilizes the same components as

the Beckman Model 112 Data Pro-

cessing Computer, using transistors

throughout, sealed stepping switches,

and all solid state components. Pro-

gramming is simplified by use of the

Beckman Systems pinboard. Cost has

been kept to a minimum in the Model
123 by manufacturing the system as

a standard item rather than a custom
item.

Circle No. 249 on Subscriber Service Card.

Materials

burn either fuel, gasoline, or JP-4.

In use, the heaters may be op-

erated individually or may be com-

Centrifuge Slip Ring

Used For High-Voltage
A new centrifuge slip ring designed

for use with exceedingly high-voltage

has been produced by Slip Ring Com-
pany of America, Los Angeles.

It has three high-voltage circuits

capable of 10 kv dc, continuous and
was tested at 20,000 volts hi-pot. In-

strumentation circuits are unaffected

by adjacent high-voltage circuits. Mini-
mum noise is accomplished by the use
of precious metals.

Dual brushes, riding on each ring

and tuned to different resonant fre-

quencies, provide uninterrupted circuits.

The assembly is rated at 350°F con-

tinuous operation. All 15 slip rings

and shielded wires are high-pressure

molded into one assembly.

Circle No. 245 on Subscriber Service Card.

Strip Chart Recorder

Eliminates Inking Need
Mandrel Industrial Instruments has

introduced the ER-20 direct-writing

strip chart recorder for electrical data

from dc to 100 cps. Coupled amplifiers

give a sensitivity of 2 mv/mm.
Stylus deflection on each channel

is 40 mm, with an accuracy of 2%

.

Electro-sensitive paper eliminates the

need for any inking system. Easy paper

loading and an electrically-controlled

chart drive make operation simple.

Circle No. 246 on Subscriber Service Card.

bined in modular units to meet
virtually any requirement for large

amounts of controlled heat. The heater

operates at 75% efficiency. Units are

designed for easy access to all parts

for servicing and maintenance.

Automatic holding of a prede-

termined temperature is accomplished

by cycling the heater. Controls oper-

ate on 24 volts dc. In addition to the

heater itself, a complete unit includes

a fuel train bracket which incorporates

a filter, a positive displacement fuel

pump, a pressure regulating fuel valve,

a solenoid valve, and a fuel pressure

gage.

In addition, a 4Vi"w x 3Vi"d x
6V2" control box contains a circuit

breaker, ignition vibrator point selector

switch, and a safety switch which cuts

off the unit in case of failure in igni-

tion, fuel flow, or air flow. The safety

cut-off switch also lights a trouble

warning lamp.

Standard models are furnished with

a cycling switch set to cut out at

May, 1958 85



. new missile products

195° ± 50°F. Cut-in setting is 180°

± 5°F. A high limit switch is set to

cut out at 210°±5°F., and automati-

cally restarts the heater when liquid

temperature drops 10 to 20 degrees

lower than the cut-out temperature.

Circle No. 253 on Subscriber Service Card.

Relief Valve Features

Light Weight, Compactness

Bendix Aviation Corp. has devel-

oped a new line of hydraulic inline

unbalanced relief valves designed for

light weight, compactness, simplicity

and maximum performance.

The valves conform to MS28887
Type II envelop, and are designed to

meet or exceed MIL-V-5523B and the

proposed "C" revision, Type II speci-

fications (reverse flow excepted).

A special compensating design fea-

ture allows use of extended flow rates.

As high as 4.5 times MIL-V-5523B
rated flow has been accomplished with-

out exceeding the allowable pressure

differential.

All valves have been fully qualified

from -65 °F to +275°F. Adjustments

for maximum pressure settings range

from 500 to 3850 psi, and can be made
available as high as 4850 psi. Readily

available from stock are Vi", 3/s" andW tube sizes.

Circle No. 227 on Subscriber Service Card.

Heavy Duty Cylinders

For Automated Equipment
A new line of heavy-duty air and

hydraulic cylinders, especially designed

for use on automated equipment, is

being produced by the S-P Manufac-
turing Corp.

The general purposed heavy-duty

cylinders have pressure ratings of 200

psi (air) and 1000 psi (hydraulic).

They are offered in nine sizes and in

five mounting styles: flange (blind end),

flange (rod end), clevis, adjustable

trunnion and foot. Sizes range from

\Vi" to 8" bores, with strokes to cus-

tomer's specification.

All models are available non-cush-

ioned, cushioned blind-end, cushioned

rod or cushioned both ends. Mounting
dimensions of cushioned and non-cush-

ioned cylinders are identical. Cushion
check and cushion adjustment may be

interchanged without further cylinder

modification.

According to the manufacturer,

high performance and long life, with

minimum maintenance, are assured by
the design and construction features

of the cylinders. Honed seamless steel

barrels, steel and plates; and heat treated

low carbon, low alloy steel piston rods

are structural features of the units.

A radius at the end of the rod

thread prevents stress concentration

and facilitates installation of seal car-

tridge. Large ports provide fast cylinder

operation, and alternate port positions

are available. All ferrous parts are rust-

proofed for resistance to corrosion.

Piston and cartridge-retained rod

seals are designed for operation at

temperatures ranging from -20° to

150°F. Special seals for higher or lower

temperatures and piston ring construc-

tion, for hydraulic cylinders only, are

optional.

Circle No. 235 on Subscriber Service Card.

Regulator Prevents

Electronic Destruction

A specially developed air pressure

regulator, used to prevent self-destruc-

tion of electronic guidance equipment
on guided missiles, is now being pro-

duced by the Garrett Corp.'s AiRe-
search Manufacturing Div.

The regulator maintains approxi-

mate sea level pressure in an electron-

ics compartment. Without this environ-

mental control, the equipment would be

subjected to destructive electrical arc-

ing at the low pressures of high alti-

tude. The unit weighs just % lb., meas-

ures 3" high, with a housing diameter

of 2V4" and an attachment flange di-

ameter of 4".

Essentially, the unit is an outflow

valve operated by a spring and bel-

lows arrangement. The interior of the

bellows is evacuated to approximately

zero pressure. As the unit is carried to

higher altitudes, faster flow of gas from
the compartment to the atmosphere

results in lower compartment pressure

on the bellows. This allows the bel-

lows to expand with the assistance of

the spring.

The resulting action positions the

valve to lessen the opening that permits

flow to the atmosphere. In this manner,

the gaseous environment of the chamber
is kept in circulation at a constant pres-

sure position.

A unique feature of the regulator is

the mechanical connection between the

bellows and valve, rather than a pneu-
matic connection as used in other units.

Circle No. 240 on Subscriber Service Card.

Dexterous Missile Gear
Handles One Hundred Tons

Industrial Products Engineering Co.
has developed a new type of missile-

handling equipment to accommodate
weights ranging from one to one hun-
dred tons. The equipment, intended for

use in plants engaged in missile manu-
facture and assembly, accommodates
cylindrical objects by use of a circular

"shoe." It picks up missiles in a hori-

zontal position and rotates them to a

vertical position for additional work or

assembly.

The electrically-operated unit travels

on an overhead track to deliver missiles

to various parts of an assembly line.

Using a uniquely designed type of clos-

ure, the shoe (together with a support

shoe) can pick up and manipulate mis-

siles in various positions without the

need for support structures or external

rigging.

Circle No. 257 on Subscriber Service Card.

Temperature Probe

For 3200°R at Mach 5

Aero Research Instrument Co. Inc.

has developed a total temperature probe

for operation up to 3200°R at Mach
5.0.

It is made through the use of a
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new metal process that promises to

lend itself for other high temperature

measurement applications, i. e., ram
jet and afterburner exhaust.

The probe uses a platinum 13%
rhodium-platinum thermocouple. Ac-

tual wind tunnel data shows a recovery

factor close to unity at 70,000 feet.

Missile use has been at altitudes of

at least 2 x 10 feet, and has survived

re-entry.

Circle No. 242 on Subscriber Service Card.

GE Markets Series of

New Silicone Compounds
General Electric has added three

new general purpose silicone rubber

compounds to the standard product line

of the Silicone Products Department.
Designated SE-452, SE-472 and SE-
482, these meet or exceed MIL-R-
5847C Class II specifications.

Tensile Strengths of 800 to 1,400

pounds per square inch, tear strengths

of 80 to 200 pounds per inch, and
elongations of 250 to 550% are obtain-

able with all three compounds. Properly

cured parts fabricated from these com-
pounds exceed the appropriate tensile

strength requirements of MIL-R-5847C
by 23 to 54%.

SE-482 is said to offer greater ten-

sile strength than any other commer-
cially available 80 durometer silicone

rubber, and is best suited for fabrica-

tion by molding and calendering. It

may be blended with the softer SE-
452 to obtain compounds of interme-

diate hardness.

SE-472, a 70 durometer hardness

stock, and SE-452, a 50 durometer
stock, have excellent processing char-

acteristics, according to GE, and are

especially suited for fabrication by ex-

trusion. SE-472, which meets the

standards of AMS3357 as well as those

of MIL-R-5847C, is also well suited

for calendering.

All three rubbers may be used in

extended service over the temperature

range of -75°F to 500°F. Although
manfactured as white compounds, they

may be tinted during fabrication to ob-

tain a wide variety of colors. SE-452,
SE-472, and SE-482 are available in

commercial quantities.

Because of their good physical char-

acteristics, which include very low
water absorption and resistance to com-
pression set, these general-purpose com-
pounds are suggested for a wide variety

of sealing, gasketing and mechanical

applications in various phases of mis-

sile and aircraft manufacture.

Silicone rubber room-temperature-

vulcanizing (RTV) compounds, ca-

pable of being poured or spread in

place, have been developed by General

Electric. The compounds can fulfill a

wide variety of caulking, sealing, patch-

ing, encapsulating, and potting applica-

tion on missiles and on the various

components used.

The RTV compounds do not re-

quire the heat cure ordinarily used for

silicone rubber, but GE says they pos-

sess much of the long term heat re-

sistance and low temperature flexibility

unique to silicone rubber. In addition,

they exhibit the silicone's outstanding

resistance to ozone, weathering and

aging.

Because they may be poured or

spread in place, compounds 80774 and

81813 are readily used in sealing,

filling irregularly shaped voids, and
covering components for which molded

or extruded parts are difficult or im-

possible to fabricate. Bonding of these

compounds to aluminum, copper, stain-

less steel and other metals; and to other

materials such as glass, ceramics and

plastics is easily done. Such bonds are

actually stronger than the elastomer

itself at temperatures as high as 625°F.

Circle No. 228 on Subscriber Service Card.

Heat Exchanger Cools

Guidance System Tubes

In ambient temperatures from
—65° to +135°F; from sea level to

10,000 ft., mounted unsheltered on an

off-the-highway portable vehicle, this

unit, developed by Lear, Inc., is de-

signed for cooling a klystron tube asso-

ciated with the ground guidance sys-

tems of missiles.

Under adverse conditions, while

maintaining a controlled liquid outlet

temperature of 170°F plus or minus

5°F, the unit has a nominal heat dis-

sipation rate of 6000 watts.

Both electric motors are continuous

duty, 208 volt, 3 phase, 400 cycle. The
pump motor is 0.5 hp at 2600 rpm,

and the fan motor is 1.25 hp at 11,000

rpm. At 2,600 rpm the liquid flow rate

is 2.6 gpm with a 170 psi cooler dif-

ferential pressure.

Safety features include a pump re-

lief valve to by-pass full flow at 245

psi gage cooler discharge pressure, and

a safety heater thermostat set to open

at 300°F. For liquid preheat prior to

energizing the electronic gear, the unit

includes a thermal by-pass system

which prevents liquid flow through the

external system below 100°F.

Circle No. 250 on Subscriber Service Card.

Kit Locates Lack of Bond

In Honeycomb Structures

A method for checking the bond
in honeycomb structures is available

in kit form. The Bondcheck BC-1
inspection kit is used on metallic

honeycomb, soldered, welded or
brazed-to-the-skin surfaces.

The test procedure includes cleaning

the part surface and spraying on a spe-

cially formulated red fluid that is re-

pelled by heat and tends to flow to the

coolest area on a metal surface. A con-

trolled heat is then applied from a high

intensity infrared lamp.

This heat is conducted from the

inspected surface to the honeycomb
core wherever good bond exists be-

tween the core and surface. Since

the visible fluid flows to the coolest

areas, it accumulates at every point

of good bond, reproducing an exact

pattern on the bonded area. Areas of

defective bond are visible as gaps in

this pattern.

The upper photo shows Bond-

check indications of honeycomb pat-

terns. Void areas reveal lack of bond

between skin surface and honeycomb
core.

In the lower photo, removal of

outer skin shows actual defective core

and verifies the accuracy of Bond-

check's pattern.

Deformed core materials are also

readily apparent, with the inner core

pattern visible in the outer surface

pattern. The test takes only a few

seconds per area tested. Any complex

shape can be tested, and automatic

testing is practical on simple shapes.

Circle No. 247 on Subscriber Service Card.
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NAVTAC: "Pipeline ' to a happy landing

The uniqueness of the new NAVTAC en route navigation

and instrument landing system by Stromberg-Carlson is in

its combination of functional modules.
The NAVTAC equipment is an assembly designed to pro-

vide high-performance aircraft with the TACAN naviga-

tional aid, plus marker beacon receiver, glide slope and
runway localizer for instrument landing situations.

The entire system is packaged in a compact unit only 5"

high, 10y2 " wide, 22" deep, and weighing only 47.5 lbs. In-

dividual modules can be separated up to distances of several

feet without any adverse effect on performance.
The equipment is designed to meet the rigorous environ-

ment of the high-performance aircraft of today and tomor-

row. Its operating ambient temperature range is —60 to

4- 125 degrees C. at altitudes up to 70,000 feet. Widespread

use of semiconductors in the ILS receivers and TACAN cir-

cuitry means high reliability, small size and low power con-

sumption.

Included in the design is the capability of performing

complete preflight confidence tests with the use of a small

auxiliary test set.

Complete technical details on the NAVTAC system are

available on request.

There is nothing finer than a Stromberg-Carlson®

c.r STROMBERG-CARLSON C r*
«? V* A DIVISION OF GENERAL DYNAMICS CORPORATION Vrf*

v.®l 1463 N. GOODMAN STREET • ROCHESTER 3, N. Y. !wj
Electronic and communication products for home, industry and defense
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Selling Subsystems
by Seabrook Hull

Like other phases of the rocket,

missile and space flight business,

selling subsystems and major com-

ponents is primarily a marketing

and sales problem.

Analyze your market; figure

out where you fit in; where you

want to be ten years hence; and

then get out and do some old-

fashioned hard selling.

If personal, inspirational sell-

ing is no longer necessary in con-

sumer goods because of a Madi-
son-Avenue-kind of mechanization,

that's no indication that missile

business can be had the same way.

With missiles, competition is remi-

niscent of the early depression

thirties—just as keen and just as

cut-throat.

If you're selling a subsystem,

you make your major parts of a

missile system. This doesn't mean
that you must have as big a tech-

nical staff as the prime systems

contractor. But it does mean that

you must understand his problems

thoroughly, and you must have a

technical staff sufficient to research

and develop your portion of the

job.

• How to sell—You cans ell sub-

systems either as a prime or a sub-

contractor, though more often

than not it's the latter. Generally,

you're a prime in the production

stage; a sub in Research and De-
velopment. The Army used to place

all its subsystems contracts as

prime contract work, retaining

overall systems responsibility with-

in an Army Arsenal. However,
the Army, Navy and Air Force

now almost always places the initial

research and development prime

systems contract with a commercial
prime contractor. Thus, to get

subsystems business you should go

to the company with the prime

contract.

This means knowing who is

going to get the contract in ad-

vance. You've got to be on the road

ahead of time—talking, listening,

prying, calculating.

It boils down to this: The first

step in selling is to know your

market. The way you get to know
this market is to get around.

It pays to make calls. Once
you've settled on a project in which

you want to be a subsystem con-

tractor, and you think you know
who's going to be placing these

subsystem contracts, go visit the

lucky company.
Walk in armed with as much

knowledge as possible of the whole

project, and an ever better knowl-

edge of the part you want to play.

Offer suggestions—backed by en-

gineering knowledge—of how to do
the job better: how to put reliabil-

ity and low cost into guidance, how
to make all ground support mobile,

how to get 40 more points of

specific impulse out of a real

simple, inexpensive solid propellent

engine.

So, you get in on the ground

floor as a major subsystems con-

tractor at the R&D level. And,
you think you're set. Well . . .

maybe.

• Pitfalls—Loud and pitiful

have been the howls in Washing-

ton from companies who held the

initial subsystem contract for a

missile and who carried through

the research, development and
prototype stages, only to lose the

production contract.

In part, their howls are justi-

fied. A contractor might have

taken a subsystems job on a cost-

plus-fixed-fee basis, only to find

that change-orders had tripled the

cost, while the fixed fee remained

fixed. Thus, planned percentage on

gross was cut to one third.

Government, however, takes a

different view, charges that too

many companies with initial R&D
contracts try to make a killing on
the first production contract, and

thus lose out to lower bidders.

Best advice: Don't count chickens

until you've got a good idea of

what your competition is willing

to do.

• Group bidding—Subsystems

contracting is a highly responsible

business. It is every bit as im-

portant as prime systems work.

This is evidenced by the growing

acceptance of the group method
of bidding.

Chrysler Corp.

Here, the subsystems contractor

becomes a responsible part of the

prime contracting team. This is

where a group of companies with

complementary capabilities bid on
complete systems as though they

were a single integrated company
team.

Navy in particular favors this

approach by industry, especially

with missiles that are going into

production. However, there are a

few things any potential group

should keep in mind. First are

"responsibility" requirements.

Any contracting office is prop-

erly concerned with whether the

individual companies in the group

are legally compelled to carry

through, once committed. The fear

is that if one of the companies

should decide to drop out part

way through a program, the whole

project might be endangered.

Two other requirements for

the group are that it have some
kind of clearance, perhaps from the

Justice Department, indicating that

it is not in violation of any anti-

trust laws; and that member com-
panies will abide by decisions of

that part of the group vested with

systems responsibility.

With these assurances and with

the right balance of technical,

scientific and industrial resources,

a subsystems contractor can move
into the prime systems field.

The next step after successfully

participating in a group project

could well be to bid for and win

a prime systems award.

Meanwhile, remember: Sub-

systems are a lot more competi-

tive than prime systems. But the

prize is worth the run, since those

who establish their reputation now
will have a head start in the com-
ing age of production missiles and

space flight projects.
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A SHROUDED Atlas missile arrives at Convair's Sycamore

Canyon facility for captive testing. Part of the two-level re-

inforced concrete blockhouse, which serves as a test control

station, can be seen at upper right. Liquid oxygen propellant

for the missile is stored in a tank behind bunker.

Atlas Testing

Sub-systems on trial

in captive firing stand

STATIC FIRINGS of the Atlas ICBM at the Sycamore

Canyon Captive Missile test facility of Convair-Astronautics

and at Edwards Rocket Base are credited with the relative

success of the Atlas, according to Col. Otto Glasser, assist-

ant deputy commander for weapons systems, Air Force

Ballistic Missile Division.

"Without these facilities we wouldn't have been able to

get Atlas off the ground at Patrick AFB," he added, "and

the program probably would have been cancelled for lack

of success."

The Sycamore Canyon static firings began on "X-minus-
1," the wing-shift of the day before the test was scheduled.

On the morning of the test day, the test crew started a

four-hour cutdown of about 4,000 items. In actual military

operations, minus all the development and test equipment,

an Atlas can be fired in a matter of minutes.

Although the launch procedures, test equipment and re-

lated ground equipment have been checked out during each

static firing, additional firings will be made in a few weeks
at Cooke AFB. Construction of the new launching test site

is moving rapidly.

When the Cooke pads are completed, they will serve

two purposes: the facilities will be to train Atlas crews, and
carry out actual launching of missiles into the new Pacific

Missile test range. In addition, the Cooke tests will enable

the Air Force and Convair-Astronautics to polish up the

design integration and guide the configuration of future

sites, such as those to be built at Warren AFB, Cheyenne,
Wyoming.

When the Atlas goes into production, it will cost about

$1.7-million per unit, but present costs are in the neigh-

borhood of $2-milIion.

FINAL PREPARATIONS are made for a "hot" run. The two

small tanks to the left of the bunker (right foreground) are

used during pressurization tests. Liquid nitrogen and helium

trailers are stationed to the right of the bunker. Other equip-

ment sheds and vehicles are grouped near the stand.
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RESTING on its handling trailer, an Atlas is

raised into static test stand. The trailer transports

the missile from the San Diego plant of Convair-

Astronautics to Sycamore Canyon and Cape Ca-
naveral.

<

IN A CLOSE-UP view, the flame deflector (for test-

ing only) of one of the missile's two vernier engines

is plainly visible. Thrust measuring devices are

located at the base of the 1 00- foot- high service tower.

HUGE STEAM CLOUD dwarfs the tower during

captive testing. Steam is generated as exhaust strikes

a water-cooled deflector. Water pours over the de-

flector at 30,000 gallons per minute. >

PROPELLANT TRANSFER facilities pump LOX
and RP-1 fuel at rates up to 1,000 gallons per

minute. 30,000 gallons of LOX and 16,000 gallons

of fuel can be stored at the testing facility.
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Can this experience in unique cooling

applications help solve a premem for you?

Custom designed cooling is our business at Ellis and Watts. For example, we have recently

engineered and built highly specialized equipment for the following applications:

Liquid coolers for electronic components (bulletin 94)

Cooling Klystrons with air to liquid heat exchangers (bulletin 95)

Special units to cool airborne electronic gear (bulletin 99)

Cooling equipment for huge complex electronic computers (bulletin 102)

Electronic console and rack coolers (bulletin 105)

Small portable field units to cool huts filled with electronic gear for missile ground support,

battlefield television, communications and radar (bulletin 106)

Conditioning systems for Radome shelters (bulletin 108)

Mobile cooling units for trailer-mounted electronic systems for missile and aircraft ground

support (bulletin 111)

Units to cool automatic landing devices for carrier and land-based aircraft (bulletin 122)

Cooling equipment for fixed or mobile flight training simulators (bulletin 124)

Dewpoint control equipment for pressurized radar waveguides (bulletin 128)

These are but a few examples. On land (MIL-E-5272A), on the sea (MIL-E-16400B), in the air

(MIL-E-5400B) — even in outer space (MIL-E-8189A) — E-W specialized cooling equipment guaran-

tees the performance of your electronic systems, independent of environmental conditions, for

military or commercial applications.

If your project involves cooling . . . it's a job for Ellis and Watts. We are staffed with special-

ists who will analyze your requirements, submit a proposal, design and build equipment promptly

and to your complete satisfaction. Field installation and maintenance services available.

r i

Ellis and Watts Products, Inc., Dept. M, Cincinnati 36, Ohio

Please send the following information:

Bulletin 94 95 99 102 105 106 108 111 122 124 128 (circle numbers desired)

Cooling load calculating Nomogram

Booklet "How to determine requirements for cooling electronic equipment"

Name Title

Company

Address

City .Zone State

m Cincinnati 36, Ohio.

Designers and builders of MIL-AC Units
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m/r exclusive:

Congressman John E. Moss

Speaks His Mind on:

Our Confusing

Security Program

Q. Congressman, what are the ultimate

goals of your Committee?

A. I think we have to create an atmos-

phere of greater freedom for the men
employed on science and defense proj-

ects. There should be honest-to-God

cooperation and coordination between
the military departments, and a civil-

ian agency to direct and supervise the

type of research we will undertake, so

that the tendency of the military de-

partments to hold on to every bit of

knowledge they develop is brought to

an end. I think we're still spending far

more than necessary in duplicating re-

search. This is true of missiles or any
other field where we have to make ad-

vances and breakthroughs in scientific

knowledge. This is what our Commit-
tee is looking into.

Q. Can you give us any idea of what
action might be taken to rationalize

the security program? Can you do this

legislatively?

A. It can be done legislatively. It will

take much more time; it will be much
more difficult. It should be done by ad-

ministrative action or through a co-

ordinated program recommended to the

Congress by the executive. There is no
substitute for an informed and a fully

responsible executive in this or any
other field.

Q. You've got a Democratic Congress
and a Republican administration

—

which always leads to a bit of friction.

Do you see any signs that the execu-
tive, i.e. the administration, is going to

do this on its own?
A. Signs are so faint as to be almost

non-existent.

Q. Which throws it back in your lap

again?

A. It throws it back in our lap. We're
handicapped because we haven't imme-
diate access to the information we need
to make a sound decision.

Q. Has there been any proposal made
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for instituting—passing a law—which
would specifically define the rights of

the public and Congress in limiting

classification?

A. No. because that's much more diffi-

cult than it sounds. In fashioning such

a law, or trying to spell out precisely

what the public can know, legislation

will not be easy. In the first place, I

think the rights of Congress are in-

herent in the Constitution and all Con-
gress needs to do is move forward in

asserting its rights, demanding that

they be recognized by the executive.

Q. Aside from taking such forward
action have you come to face with a
dilemma? Have you talked with Mc-
Elroy on this subject?

A. No, I haven't talked with McElroy.
I might add that we tried to work co-

operatively with the office of the Sec-

retary for the first two and a half years

of the Committee under Secretary Wil-

son. We made little progress. We
haven't had occasion to contact Secre-

tary McElroy. That may be a matter

for action in the near future.

Q. Do you have a feeling that you will

get more cooperation from McEIroy's

office than you did from Wilson's?

A. I have stopped trying to determine

the cooperation we might get. I was
most hopeful that we would get

more cooperation—honest coopera-

tion—from the office of the Assistant

Secretary, Mr. Snyder, than we had
from his predecessor, Robert T. Ross.

I can't honestly say that we have had
more cooperation. I do feel that there

has been a more skillful policy of man-
agement in Pentagon matters than un-

der Ross. If we're going to be faced

only with a more skillful handling of

the problem but the same final result

under Mr. McElroy as was true under

Mr. Wilson, then we will have made
little progress.

Q. Do you feel that more cooperation

from the Pentagon is needed for your

". . . I was quite hopeful that we would

get more cooperation . .
."



. confusing security

Committee to do a proper job?

A. More cooperation is needed not

only for my Committee to do a proper

job, but the military itself will profit.

When I say that, I mean that if the

military would cut through this maze,

of confusion and over-classification, it

would be of tremendous importance

to them in doing a better job.

Q. How can we change this attitude?

Can McEIroy himself change it simply

by a directive, or do we need a whole

new re-education program?

A. I think one of the ways we can

change the attitude would be to again

revise the rules and regulations regard-

ing information from the Pentagon.

They were revised following the re-

ports of the Coolidge Committee and

of the Commission headed by Lloyd

Wright. The revisions in my judgment

would be a tightening up of news

rather than a freeing of it. When I

use the term news, I use it in the

broad sense—in effect—all information

that might be of interest to anyone.

I think the one thing we overlook is

that we are not getting security as a

result of these programs. We're only

slowing down our progress in basic

scientific development and in the ap-

plication of scientific principles to

weapons systems. I think the missile

is certainly an illustration of that point.

Another failure of these regulations is

in attracting and holding the type of

scientific manpower we desperately

need in our research programs. We're
discouraging our universities from tak-

ing contracts requiring classification.

Universities feel that many of the

classifications imposed are ridiculous",

it is frustrating to their people and
they just don't want anything to do
with it.

Q. Could one of the problem points of

classification be that we don't inform

our people of information our intel-

ligence organizations receive about the

Russians?

A. Yes, it is. I don't think it's valid

that the Russian MIG we purchased

is still tightly classified. There are

many things that are classified that are

common knowledge to the Russian

government. And sometimes I wonder
what is the real objective of our classi-

fication system: to keep information

from the American public, or to keep
information from a potential enemy?

Q. Is it to protect those in power?
A. It's to avoid embarrassment and the

need for explanation in many instances.
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Q. Have you asked any of your wit-

nesses how they justify this withholding

of Russian information?

A. Oh, yes, we always get an answer.

"If you let the Russians know what
you're interested in, they will be in

a better position to gauge your present

rate of progress." I don't buy this, but

it's offered to us time and time again.

I think we could find out a great deal

about the Russians if our government
had a little more interest in translating

and reading the information which the

Russians make available to us.

Q. Is your Committee concerned with

the lack of translations?

A. Oh, yes, we are looking into it.

Q. What have you found, so far?

A. You recall that we discovered the

Rand translation of the Russian radio

publication last fall had been completed

considerably in advance of the Sputnik

launching. Had our government read

this information and informed the

American people, we probably would
not have been surprised when the Rus-

sians launched their first satellite. The
publication gave the modulations of the

transmission, what they would be

measuring and what the measurements
were. A week's time elapsed while our
government was trying to determine

the frequencies for the purpose of

tracking the satellite. Yet this informa-

tion was clearly published months in

advance of the launching.

Q. Has Congress been able to get a

detailed, comprehensive idea of the ex-

tent and rate of progress of the Soviet

space flight program (to the knowledge
of our intelligence data)?

A. It would be difficult for me to

answer that. Until the Armed Services

Committee and the Military Sub-com-
mittees on appropriations have re-

ported to the House, I have no way
of knowing how much information

Congress has been able to get from
the government. Of course, in this area,

I feel that we definitely need a Con-
gressional joint committee to supervise

and review the activities of the CIA.

Q. Do you think the American public

has been properly informed as to the

potential significance and importance

of space flight?

A. No, I don't.

Q. Has your Committee been given any
assurance, or have you obtained any
information of the type of program

ENGINEERS
. . . cross new

frontiers in system

electronics at THE

GARRETT CORPORATION

Increased activity in the

design and production of sys-

tem electronics has created

openings for engineers in the

following areas:

1

ELECTRONIC AND AIR DATA
SYSTEMS Required are men of proj-

ect engineering capabilities. Also

required are development and

design engineers with specialized

experience in servo-mechanisms,

circuit and analog computer design

utilizing vacuum tubes, transistors,

and magnetic amplifiers.

SERVO-MECHANISMS
AND ELECTRO-MAGNETICS Complete
working knowledge of electro-magnet-

ic theory and familiarity with materi-

als and methods employed in the design

of magnetic amplifiers is required.

FLIGHT INSTRUMENTS AND
TRANSDUCER DEVELOPMENT
Requires engineers capable of analyz-

ing performance during preliminary

design and able to prepare proposals

and reports.

FLIGHT INSTRUMENTS
DESIGN Requires engineers skilled

with the drafting and design of light

mechanisms for production in which

low friction, freedom from vibration

effects and compensation of thermo

expansion are important.

HIGH FREQUENCY MOTORS,
GENERATORS, CONTROLS Requires

electrical design engineers with

BSEE or equivalent interested in

high frequency motors, generators

and associated controls.

Send resume of education

and experience today to:

Mr. G. D. Bradley

9851 S. Sepulveda Blvd.

Los Angeles 45, Calif.

divisions:

AiResearch Manufacturing
Los Angeles

AiResearch Manufacturing
Phoenix

AiResearch Industrial

Rex— Aero Engineering

Airsupply— Air Cruisers

AiResearch Aviation

Service

missiles and rockets



AUXILIARY POWER
for the U.S. Army's deadly

NIKE HERCULES
A/Research units power the controls of

America's most potent defense weapons

5a

Key defense and population centers are now
being ringed with batteries of Army Nike
Hercules missiles to deter or destroy aggressors.

Supplying power for flight controls is the

AiResearch auxiliary power unit pictured above,

now in production.

As a member of the Army-industry team pro-

ducing the Nike Hercules (Army Ordnance.
Western Electric- Bell Telephone Laboratories

and Douglas Aircraft). AiResearch was chosen

to design, develop and manufacture this vital

accessory power source for the missile because

of nearly two decades of experience in light-

weight turbomachinery.

This experience includes applications utiliz-

ing solid propellants, liquid mono-propellants.

bi-propellants. atomic power, cryogenic gases as

well as gasoline and air. AiResearch's ability for

high capacity production as well as in research

and development, made it the logical choice.

Garrett's AiResearch divisions have also

designed systems and components for 18 other

missiles and rockets in the U.S. defense arsenal.

We invite your inquiries.

ENGINEERING REPRESENTATIVES: AIRSUPPLY AND AERO ENGINEERING. OFFICES IN MAJOR CITIES

CORPORATION
^Research Manufacturing Divisions

Los Angeles 45, California • Phoenix, Arizona

Systems, Packages and Components for: aircraft, missile, electronic, nuclear and industrial applications
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CREATIVITY

and PRODUCIBILITY

asic research has been described as "a search for knowl-

Ige, unfettered by production demands." At Avco, we

alize that fundamental new ideas cannot be programmed

advance to fit the needs of even the highest priority

hedule. There will always be room here for this kind of

isic creative work.

et, as an industrial research operation, we want to

•alize the material benefits that have historically resulted

om scientific breakthroughs. Economic common sense

id national security require an industrial research struc-

lre that can transform the idea in a scientist's brain into

orkable, useful hardware.

Je see nothing inconsistent in the pursuit of new products

multaneously with the pursuit of new ideas—and doing

ath under the same roof. Rather, we feel that the con-

nuous feedback resulting from close association of basic

search people, applied scientists and engineers, test

igineers and product engineers does as much for creativ-

y as for producibility. And America's future depends

pon a good supply of both.

Robert D. Grange,

Manager, Prototype Development Department

Robert D. Grange

Pictured above is our new Research and Development Center now
under construction in Wilmington, Massachusetts. Scheduled for

completion this year, the ultramodern laboratory will house the

scientific and technical staff of the Avco Research and Advanced
Development Division.

Avco's new research division now offers unusual and exciting

career opportunities for exceptionally qualified and forward-

looking scientists and engineers.

Write to Dr. R. W. Johnston, Scientific and Technical Relations,

Avco Research and Advanced Development Division,

20 South Union Street, Lawrence, Massachusetts.

Research &AdvancedDevelopment
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our Advanced Research Projects

Agency will undertake?

A. No, I haven't.

Q. Concerning scientists—is the ex-

change of information within the se-

curity system a problem?

A. Oh, I think it's very definitely a

problem. Within the security system

—

even within one department—you may
have a number of missile contracts in

the Air Force. The information on
these projects is not available even to

a man who is cleared for that class of

information. Again, you have to estab-

lish the need to know which is a very

difficult thing to do. The fact that you
are working on a top secret project

for the Air Force does not guarantee

that you can have access to all top se-

cret information in that Department,

even though the projects may be com-
parable. Between the services we've

encountered the same barrier. The Air

Force doesn't recognize an Army clear-

ance. The Army doesn't recognize a

Navy clearance. So we clear depart-

ment by department, project by project

and information is available only in

the same way. Again, this complete

compartmentalization both of manpow-
er and of information is hampering our

progress.

Q. What are we going to do about it?

A. Keep probing and needling; hoping

that we'll be able to change their atti-

tude. One thing that worries me—when
the Japanese attacked Pearl Harbor, we
had two years or so to get organized

and get on our feet. Well, the Japa-

nese made some bad mistakes. If they

hadn't we might not have the two
years. But we had a long period of

time. If—today—anybody decides to

push buttons, either literally or figur-

atively, we've got about 25 minutes.

Q. In this particular instance, we don't

have time to catch up when the chips

are down. Do you see any hope?
You've demonstrated we can't legislate.

You also demonstrated that the execu-

tive itself isn't going to do anything

about it. Whafs the "out."

A. Well, that's a pretty tough question.

I've been looking for that answer for

two and a half years and I'm not pre-

pared at the moment to say whether I

have the solution. We're seeking it, we
have ideas, but at the moment they're

not in a form where we can legislate.

We hope to take a 1789 statute enacted

for the purpose of conferring upon the

departments and agencies of govern-

ment necessary authority to keep rec-

ords—but which has now been tortured

into an authority to withhold informa-

tion—and restate in content the orig-

inal intent of Congress. This statute

gives the departments the custody, use

and preservation of their records.

They've used it to withhold—so we're

merely adding language to the effect

that this statute does not grant author-

ity for withholding. We're having quite

a bit of trouble. All of the executive

departments are opposed to the amend-
ment.

Q. That will leave them authority for

withholding information?

A. It will leave them in my judgment,

all the authority they need. It is spe-

cific statutory authority. Remember,
this is in the field of nonsecurity in-

formation. There's sufficient authority,

about 70 statutes, to permit them to

withhold anything that is security.

Q. On what basis can they decide it

should be withheld?

A. Anything can be withheld that is

required by the government from busi-

ness or industry reflecting trade secrets,

or statistics of interest to the business

or its competition. Of course, income
tax can be withheld. The records of the

FBI are protected. There's authority for

just about anything the executive de-

partments want to do in this field.

Q. You're going to repeal this act?

A. We're not going to tamper with the

authority to manage records. But we
are going to deny the executive the

right under that statute to withhold in-

formation.

Q. What effect do you think that might

have?

A. Specific authority will be needed for

withholding. And in the process of get-

ting authority, it will have to be justi-

fied. Where authority has been given,

it will be necessary to specifically cite

that authority and relate it to security.

Q. Your Committee has made big

progress on one point—the name of

the Moss Committee shakes terror into

many people at the Pentagon.

A. The only criticism we have to that

is—the name of the Committee is used,

but the need to use the name is very

rarely reported to the Committee. We
would be able to do a much better job

if we could know of the instances of

withholding or refusing information en-

countered by reporters.

Q. In other words, you invite those

microwave

engineers

• The Hughes Research and

Development Laboratories are

engaged in basic and applied

research and development pro-

grams in a wide variety of fields,

including antennas, radomes,

microwave and storage tubes,

masers, ferrite devices, micro-

wave circuitry, instrumentation,

and other fields.

One of the several interesting

problems is the design of feed-

back loops for locking the local

oscillator klystron to an availa-

ble reference signal. The re-

quirements-good stability and

low noise in a very trying en-

vironment.

Your inquiry- is invited.

Please write Mr. John Bailey.

the West's leader in advanced electronics

f ,

RESEARCH & DEVELOPMENT

LABORATORIES

Hughes Aircraft Co., Culver City, Calif.
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WHAT'S GOING ON IN VIBRATION TESTING

. . . confusing

Super-accurate test setup

built around MB exciter system
How far should you go to insure

reliable instrumentation? For the

Bomarc missile, engineers went
all the way. Instruments are

shake-tested and calibrated on an
MB Vibration Exciter system. To
eliminate all stray and spurious

vibrations, the shaker was
mounted at the e.g. of a 2Vz ton

concrete enclosure. Suspended
from springs, this mass eliminates

transmissions of all external vi-

brations above Wz cps.

Obviously, it takes a shaker sys-

tem of highest type performance
to make such precision worth-
while in the first place.

MB vibration test systems are

designed by vibration engineers

for vibration engineers. Shakers
are capable of the most critical

sine wave and complex motion
testing. Amplifiers are designed
around shaker requirements. Con-
trol circuitry incorporates latest

improvements in electronics and
servo-mechanisms.

Send for detailed bulletin 420

on the line of complete, matched
vibration exciter systems by MB
. . . leader in its field.

SPECIFICATIONS OF MODEL CIO SYSTEM
. . . one of a complete line

Sine force output: 0-1200 lbs.

Random force output: 0-2550 lbs. peak
Frequency range: 5-3000 cps
Displacement total: 0-1 inch

Moving element: 17.5 lbs.

Power supply: Rotary or electronic

MB manufacturing company
A DIVISION OF TEXTRON INC.

1055 State Street, New Haven 11, Connecticut

HEADQUARTERS FOR PRODUCTS TO ISOLATE . . . EXCITE . . . AND MEASURE VIBRATION

Circle No. 23 on Subscriber Service Card.

kinds of reports?

A. Oh, we do—I should say we do! We
can only investigate and call these de-
partments which have refused. In every
instance where we've caught them, it

was as a result of a complaint filed with
the Committee, or a tip-off to the Com-
mittee.

Q. I wonder if you have received any
complaints on a problem that we're
faced with all the time. We hear of
a story and think it's a big scoop. When
the story is checked with the Depart-
ment of Defense, Army, Navy or Air
Force, we're told "you can't write any-
thing about this, it's classified." They
promise to let us know later. In about
a week a release is sent out, or some-
one gives a speech and breaks the
story.

A. We would want to have those in-
stances reported to us as soon as per-
mission is refused.

Q. Would you say that you study air
aspects of the security program? Are
you currently concentrating within that
field?

A. We are currently concentrating on
scientific information.

Q. Are you having formal hearings?'
A. We have had some hearings—we
will have more hearings.

Q. Do you anticipate that you will
publish your findings?

A. Oh, yes.

Q. Better not classify them.
A. They will be available.

Q. In your opinion, do you think the
preparations for the Vanguard firing

should have been less publicized?

A. You're thinking of the December
6th firing? I think the propaganda in-

spired by the Department of Defense
was outrageous. It was completely
wrong. But if you're talking about fac-
tual information, it was inadequate.

Q. Are you referring to the actual
coverage by the newsmen of the event
itself?

A. I think we're confusing propaganda
inspired by the Department of Defense
with factual information about the
firing and possibility of success. The
Defense Department failed to give
a candid picture to the American
people. If we're going to withhold in-

formation because of possible ill effects

of the propaganda uses of it by the De-
partment, we could withhold almost
anything!

Q. Do you think the so-called propa-

missiles and rockets



DELCO

HIGH POWER

TRANSISTORS

are made from

In the center of the quartz housing, a germanium crystal

is being grown. A "perfect crystal lattice," it will be cut

into wafers 3/10ths of an inch square and less than

l/100th of an inch thick to become the heart of Delco
High Power transistors.

DELCO RADIO
Division of General Motors, Kokomo, Indiana

BRANCH OFFICES
Newark, New Jersey Santa Monica, California
1180 Raymond Boulevard 726 Santa Monica Boulevard
Tel.: Mitchell 2-6165 Tel.: F.xbrook 3-1465
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because it alone combines these 5 advantages:

Lower saturation resistance— Germanium gives Delco High

Power transistors a typical saturation resistance of only

3/100ths of an ohm. No other present material offers this

characteristic, which permits efficient high-power switching

and amplification from a 12- or 24-volt power supply.

Higher current gain—Gain with germanium is not only

higher but is more linear with current.

Lower distortion— In many applications, distortion require-

ments can be satisfied only with germanium transistors.

Lower thermal gradient—As far as deliverable power of

present devices is concerned, germanium meets the need

and, in addition, provides a thermal gradient of only

1.2° C/watt.

Greater economy—More power per dollar.

Examine Delco High Power germanium transistors and see how practical

it is to go ahead with your plans now. For high current applications there is

no better material than germanium, or Delco Radio would be using it.

All Delco High Power transistors are produced in volume ; all are normalized

to retain their fine performance and uniformity regardless of age. Write

for engineering data and/or application assistance.
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NOTABLE ACHIEVEMENTS AT JPL.

THE ARMY'S NEW SERGEANT

JPL is proud to have the responsibility of designing

and developing the U.S. Army's newest operational

missile system—the Sergeant. This weapon is America's

first truly "second generation" surface-to-surface

tactical missile and, when placed in production will

eventually succeed the Corporal which was also a JPL

development.

The Sergeant, especially designed as an extremely

mobile tactical weapon, utilizes a solid propellant rocket

motor which provides better field handling and storage

capabilities than those of many other weapon systems.

It can deliver a nuclear blow deep into enemy territory

and its highly accurate guidance system is invulnerable

to any known means of enemy countermeasure.

All elements of the Sergeant are particularly designed

for active field use with emphasis on reliability, mobility

and the use of standard U.S. Army vehicles wherever

possible. The erector-launcher, for example, is capable

of rapid movement over rough terrain. These character-

istics place in the hands of the U.S. Army an important

new tactical element of extended range.

The basic activity at JPL continues to be— research

into all scientific fields related to the development of

weapons systems and space research vehicles.

OPPORTUNITIES

NOW OPEN
ESE FIELDS

100

ELECTRONIC, MECHANICAL, CHEMICAL AND AERONAUTICAL

ENGINEERING • PHYSICS AND MATHEMATICS

JET PROPULSION
LABORATORY

A DIVISION OF
CALIFORNIA INSTITUTE OF TECHNOLOGY
PASADENA . CALIFORNIA

missiles and rockets



KENNAMETAL*

Rotary Seal Rings provide

substantially zero leakage at

mile-a-minute rubbing speeds

At rubbing speeds of 4200 to 5400
ft./min., the hydraulically balanced seal

shown above achieves substantially zero

gas leakage. Excellent wear character-

istics of Kennametal and Kentanium*
Seal Rings make possible unlubricated

dry rubbing at peak speeds.

Stein Seal Company, Philadelphia,

Pa., solved major sealing problems on
many applications by using Kenna-
metal and Kentanium parts in their

-hydraulic balanced seal design such as

illustrated above. Using rings made of

these hard carbide, wear-resistant com-
positions, it is possible to operate with
higher spring forces and in much higher

temperatures than when rings of con-

ventional sealing materials are used.

The outstanding physical properties

of Kennametal compositions provide

many more answers to rotary seal ring

problems in petroleum refining and
transportation, high-pressure high-
temperature chemical production and
nuclear power. For example, K501, a
platinum-bonded carbide, is used to

confine liquid oxygen and red fuming
nitric acid. Results reported by the
customer are "far superior to any pre-

viously-used materials, with no indi-

cation of face wear."

Various grades of Kennametal com-
positions hold economical answers to
your need for high YME, low thermal
expansion, high resistance to abrasion,

erosion, corrosion, impact and pres-

sures. For positive sealing, with little

or no maintenance, mating surfaces of

Kennametal Seal Rings can be lapped
to a flatness less than two light bands,
with a surface finish better than two
microinch.

For more information, send for Book-
let B-111A, "Characteristics of Kenna-
metal." Write to Kennametal Inc.,

Department R, Latrobe, Pennsylvania.
Trademark 31BO

INDUSTRY AND

KENNAMETAL

Circle No. 24 on Subscriber Service Cord.
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ganda on the Vanguard project might

have influenced the Russians to step

up their own satellite development?

A. I don't think so. I don't think there's

any evidence that Russia has acceler-

ated her program. I think when she

launched her Sputnik she was already

committed to a rapid course.

Q. In other words, the fact that we pub-

lish information about a certain missile

or a certain satellite in the future would

not necessarily mean that the Russians

will step up their own program?

A. I don't think so. I think Russia has

demonstrated that she has the sense of

urgency which we apparently lack, and

she recognized fully the impact on other

nations of demonstrating superiority in

this field. I don't think Russia's pro-

gram is geared to what we might be

planning, but it's geared to her ability

to do a job. She's going to make us

look bad just as quickly as possible.

Whatever we do is not going to affect

Russia's program.

Since this interview with ml r,

the Moss bill telling the Executive

Branch that it cannot rely on the

1789 statute for holding back in-

formation from the public and

Congress, passed the House and

has been sent to the Senate. It

was passed by a wide bipartisan

margin.

The 1789 statute authorizes

department heads to regulate the

"custody, use and preservation" of

documents. But the House Sub-

committee on Government Infor-

mation, headed by Moss, showed

agencies relied on this language to

hold back information.

Shortly after passage, Moss
said President Eisenhower's recent

directive to the Secretary of De-

fense to strengthen the Defense

Department's control over public

information is "dangerous." Cen-

sorship of opinions or facts that

fail to fit "policy" already has

reached an "alarming degree" un-

der Assistant Secretary Murray
Snyder, Moss said. The President

has explained his directive as a

move to curb interservice rivalry.

Moss will be chairman of a

panel on "Freedom of Informa-

tion"—June 5 at the First National

Missile Industry Conference, Wash-

ington, D.C. Sponsors are the

American Rocket Society and the

National Rocket Club.

WIRE
PRODUCTS

CUSTOM CONSTRUCTED
CONTROL CABLES and

THERMOCOUPLE- WIRE CABLES

with segregated circuits individually

shielded, and with over-all shielding or

with special shielding and jacketing.

ILLUSTRATED IS AN
EIGHT CONDUCTOR CABLE

FOR MISSILE USE.

EIGHT t
TEFLON INSULATED
WIRES, CABLED
TOGETHER AND JACKETED
WITH NYLON BRAID SPECIALLY
TREATED FOR SOLVENT RESISTANCE.

FIRE-RESISTANT and HIGH
TEMPERATURE RESISTANT CABLE

for circuits required to operate in

2000 ° F. flame for fifteen minutes. Ex-

cellent for fire-detector circuits and

for use in temperatures up to 600 °F.

HIGH TEMPERATURE CABLE...
Suitable for operating temperatures up

to 650° F. with nickel-clad copper con-

ductor and laminated insulation having

superior dielectric strength and mois-

ture resistance. In AWG sizes 22 thru

4/0. In accordance with MIL-C-25038.

ELECTRONIC HOOKUP WIRE...
Teflon insulated silver coated copper

conductor with insulation in standard

colors in accordance with MIL-C-16878.

EXTRA FLEXIBLE CABLE . . .

High Temperature and Moisture Resist-

ant Electrical Cable. Lewis "EXFLEX"

Gable, single and multi-conductor,

superior for circuits on hinged or

pivoted parts. Resistant to abrasion

and temperatures to 500° F.

* TEFLON is a Du Pont product

Circle No. 25 on Subscriber Service Card.
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Sub-system Contractor Breakdown
JUPITER THOR POLARIS ATLAS TITAN

ARMY BALLISTIC MIS-
SILE AGENCY

RAMO-WOOLD RIDGE
CORP., LOS ANGELES,
CALIF.

CHRYSLER CORP. MIS- DOUGLAS ACFT.,

SILE DIV., DETROIT, SANTA MONICA,
MICH. (ALSO SYSTEM CALIF.
INTEGRATION)

SPECIAL PROJECTS
OFFICE BUORD
(WEAPON SYSTEM
MANAGER)

LOCKHEED MISSILES
SYSTEMS DIVISION,
SUNNYVALE, CALIF.
(ALSO MISSILE SYSTEM
MANAGER.)

RAMO-WOOLDRIDGE
CORP., LOS ANGELES
CALIF.

CONVAIR DIV. OF
GENERAL DYNAMICS
CORP., SAN DIEGO,
CALIF.

RAMO-WOOLDRIDGE
CORP., LOS ANGELES,
CALIF.

THE MARTIN CO.,
DENVER, COL.

GOODYEAR AIRCRAFT
CORP., AKRON, OHIO

AEC, LOS ALAMOS,
N.M.

PICKATINNY ARSENAL
N.J.

GENERAL ELECTRIC
CO., MOSD., PHI LA.,

PA.

AEC, LOS ALAMOS,
N.M.

SANDIA CORP., ALBU-
OUERQUE, N.M.

LOCKHEED MISSILES
SYSTEMS DIVISION,
SUNNYVALE, CALIF.

ATOMIC ENERGY
COMMISSION

ATOMIC ENERGY
COMMISSION

GENERAL ELECTRIC
CO., MOSD, PHILA.,

PA.

AEC. LOS ALAMOS,
N.M.

SANDIA CORP. ALBU-
OUEROUE, N.M.

AVCO, STRATFORD,
CONN.

AEC, LOS ALAMOS,
N.M.

SANDIA CORP., ALBU-
QUERQUE, N.M.

FORD INSTRUMENT
CO., N.Y.

SPERRY FARRAGUT
CO., BRISTOL, TENN.
SPERRY GYROSCOPE
CO., GREAT NECK,
N.Y.

AC SPARK PLUG DIV.

OF GENERAL MOTORS
CORP., DETROIT, MICH.

GENERAL ELECTRIC
CO., MOSD, PHILA.,

PA.

MIT, CAMBRIDGE,
MASS.
SPERRY GYROSCOPE
CO., GREAT NECK,
N.Y. (SINS)

GENERAL ELECTRIC
CO., HMEE SYRACUSE,
N.Y.

BURROUGHS CORP.,
DETROIT, MICH.
(COMPUTER)

AMERICAN BOSCH
ARMA CORP., LONG
ISLAND, N.Y.

REMINGTON RAND
UNIVAC DIV., ST. PAUL,
MINN. (COMPUTER).
BELL TELEPHONE LAB-
ORATORIES WHIPPANY,
N.J. (RADIO)

ECLIPSE PIONEER DIV.

OF BENDIX CORP., N.J.

(MOTOR-GENERATOR
SET)

FORD INSTRUMENT
CO., N.Y. (REGU-
LATOR)

LELAND ELECTRIC DIV.

OF AMF DAYTON,
OHIO (MOTOR-GEN-
ERATOR SET)

AC SPARK PLUG DIV.

OF GENERAL MOTORS
CORP., DETROIT,
MICH., (REGULATOR)

UNKNOWN SUNDSTRAND, PAC-
OIMA, CALIF.

AEROJET -GENERAL
CORP., SACRAMENTO,
CALIF.

ROCKETDYNE DIVI-

SION, NAA, CANOGA
PARK, CALIF.

NONE

THIOKOL CHEMICAL
CORP., HUNTSVILLE,
ALA.

NONE

ROCKETDYNE DIVI-

SION, NAA, CANOGA
PARK, CALIF.

NONE

ROCKETDYNE DIVI-

SION, NAA, CANOGA
PARK, CALIF.

NONE

AEROJET-GENERAL
CORP., SACRAMENTO,
CALIF.

NONE

AEROJET-GENERAL
CORP., SACRAMENTO,
CALIF.

AEROJET-GENERAL
CORP., SACRAMENTO,
CALIF.

ROCKETDYNE DIVI-

SION, NAA, CANOGA
PARK, CALIF.

ROCKETDYNE DIVI-

SION, NAA, CANOGA
PARK, CALIF.

UNKNOWN

NONE

AEROJET-GENERAL
CORP., SACRAMENTO,
CALIF.

AEROJET-GENERAL
CORP., SACRAMENTO,
CALIF.

AEROJET-GENERAL
CORP., SACRAMENTO,
CALIF.

NONE

U.S. CHEMICAL MILL-
ING CORP., CALIF.

U.S. CHEMICAL MILL- UNKNOWN
ING CORP., MAN-
HATTAN BEACH, CALIF.

CHRYSLER CORP. MIS- DOUGLAS ACFT.,
SILE DIV., DETROIT, SANTA MONICA,
MICH. CALIF.

LOCKHEED MISSILES
SYSTEM DIVISION
SUNNYVALE, CALIF.

U.S. STEEL, PITTS-

BURGH, PA.

CONVAIR DIV. OF
GENERAL DYNAMICS
CORP., SAN DIEGO,
CALIF.

UNKNOWN

THE MARTIN
DENVER, COL.

CO.,
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NACA Probes Fluorine Uses

Operational hazards of high-energy

propellants studied at Cleveland facility

A $2.5-MILLION LABORATORY, the

Lewis Rocket Engine facility, has been
placed in operation by the NACA at

the Lewis Flight Propulsion Labora-
tory, Cleveland, Ohio.

The new facility will be devoted

to the development of new high-energy

rocket propellants. NACA favors flu-

orine and has designed the laboratory

with an eye to handling the hazardous
and toxic material and its equally toxic

exhaust. Components of the facility

are: propellant supply and storage sys-

tem, a thrust stand, silencing equip-

ment, exhaust gas disposal system and
an operations building which includes

an instrument and control room.
Because of the high reactivity,

handling fluorine is said to be more

by Alfred J. Zaehringer

like working in a hospital operating

room than in a machine shop. Fuels

and oxidants, stored in tanks outside

the test area, are brought to tanks

near the test area, pressurized by nitro-

gen gas and then injected into the ver-

tically mounted motor. The rocket

motor fires directly into a closed si-

lencer and scrubber. Current motors
are at the 5000-lb. thrust level but this

will be increased shortly to 20,000 lb.

thrust.

NACA is currently studying injec-

tors—presumably for fluorine combi-
nations—and the parallel sheet blocks

give about 90 to 95% of theoretical

performance. Present blocks are ma-
chined from copper. Some of the flu-

orine engines look as if they are made

of welded tubing for cooling purposes.

However, NACA says two big prob-

lems have yet to be licked—the high

combustion temperature (some 2000-

3000°F hotter than the oxygen-hydro-

carbon combinations) and the toxic

exhaust (HF with most hydrocarbon

fuels). It thus appears that the ozone

rocket is considerably behind the flu-

orine hardware development stage.

NACA also has displayed two
working models of ion rockets. One jet

is produced in an arc chamber by strik-

ing a high electric current between a

tungsten cathode rod and a graphite

anode nozzle. A working fluid is in-

jected and passed through the nozzle

forming a plasma jet.

Streams of 10,000-20,000°F have
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THE INSTRUMENT and control room of the Lewis Rocket

Engine Research Facility is operations center during firings.

A TECHNICIAN adjusts the valves on a research rocket

engine mounted vertically within a test stand in the Lewis

research facility.

May, 1958

THIS "SCRUBBER" is part of the silencing and exhaust gas

disposal system of the rocket engine static firing testing facility.

space flight, it is agreed that package
sizes to generate the necessary amounts
of electrical power are still very un-

favorable—especially considering that

all such packages would have to be
carried into space by chemical rockets.

A SCIENTIST compares materials under a barrage of atoms

to determine which are more useful in missile and rocket

manufacture.
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been produced and are currently being

used to study the re-entry problem. The
plasma jet is allowed to blast the nose

cone of a missile model. Also demon-
strated was an ion jet. Charged par-

ticles are formed in an electric dis-

charge between two electrodes and are

accelerated by a magnetic field. The
thrust level was extremely small but

large enough to operate a miniature

low-mass pinwheel in a vacuum.
Though NACA suggests both for outer



Spatiography: Geography for Space

NEVER BEFORE has the imagination

of mankind been captivated so much
by the concept of space. It is a concept

that has appeared under a great variety

of names: near space, outer space,

deep space, free space, interplanetary

space, cosmic space. But "space" is

vast, even within our own solar sys-

tem. From the standpoint of astro-

naustics, and especially of space medi-

cine—or bioastronautics—we must
specify just what is meant in terms of

topography and environment.

Just as the traveler on the earth's

surface used the science of geography
for his orientation concerning the dis-

tance and conditions to be encountered

on his journey, so does the astronaut

need a topographical and environmental

description of space. This might be

by Hubertus Strughold, M.D., PhD.*

called "spatiography"—for orientation,

navigation, designation of the various

kinds of space operations, and estima-

tion of the medical problems involved.

At first glance, it may seem im-

possible to draw borderlines or demar-

cation lines for subdividing an environ-

ment distinguished by emptiness. There

are, however, several possibilities.

• Beginning of Space—First ques-

tion is "Where does space begin?"

This is the title of a paper pub-

lished by the writer, with H. Haber,

K. Buettner, and F. Haber in 1951,

in which the concept of the functional

borders between atmoshpere and space

was introduced. In this publication, it

was shown that the various atmos-

pheric conditions necessary for man-

ned flight come to an end at varying

altitudes, some even within the lower

regions of the stratosphere.

The final functional limit of the

atmosphere is found at a height of

120 to 140 miles, where the atmos-

phere terminates aerodynamically. This

is the dividing line between space-

equivalent flights and true space opera-

tions—or between the aerodynamically

effective air space and free space.

Now, what are the possibilities of

subdividing, for astronautical purposes,

the regions beyond this border?

"Advisor for Research, School of Avia-

tion Medicine, USAF, Randolph AFB,
Texas.
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. . . missile handling is faster, more precise with hydraulic power by SZlCKERS,
Looking for a better drive to Move missiles from

storage to launchers ... to Aim missiles precisely . . .

to Guide or Track missiles? Then consider these fea-

tures of a Vickers hydraulic drive:

Ultra fine control — missile launchers and radar
drives have been trained and elevated with excep-
tional accuracy down to speeds approaching zero.

Fast positioning — the fastest acceleration, de-

celeration and reversal of any power transmission.

High power gain — one milliwatt input easily

controls hundreds of horsepower.

Narrow deadband — narrower than any other
high horsepower drive.

Excellent efficiency — overall mechanical effi-

ciency of hydraulic transmissions (motor and pump)
can exceed 85% at full load.

Consider, too, these other advantages — unusual
compactness . . . packaged units . . . extreme relia-

bility.

If your missile handling problem is urgent, phone,
wire or write for further information or an im-
mediate visit by one of our application engineers.

For more than fifty years, we have worked on ap-
plications ranging from the largest gun turrets to
missile launchers. So, tell us about your drive prob-
lem. There is an excellent possibility that we have
already developed the units that will fit your needs.

MO-212

May, 1958

Hydraulic Products

for Marine

and Ground Defense

waterbury 2 0, Connecticut Applications
DISTRICT SALES OFFICES: DETROIT, MICHIGAN • EL SEGUNDO, CALIFORNIA • SEATTLE, WASHINGTON • WASHINGTON, D. C.

Circle No. 116 on Subscriber Service Card.

VICKERS INCORPORATED
DIVISION OF SPERRY RAND CORPORATION

Marine and Ordnance Department
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. . . Spatiography: Geography for Space

We can speak of cislunar space,

translunar space, cismartian, and trans-

martian space, as Krafft Ehricke has

suggested. (Cislunar on this side;

Translunar space beyond.)

• Gravisphere—Of special interest

from the standpoint of navigation is

the gravitational situation in space.

The gravitational field of the Earth,

as of every other body, extends, of

course, to infinity—but for the astro-

naut, the sphere of predominant gravi-

tational attraction is of most import-

ance in navigation.

It might be practical to call these

gravitational control zones gravispheres.

The gravisphere of the Earth extends

to about 1 million miles, this is the

arena in which satellites are conceiv-

able. Escape velocity eventually thrusts

a vehicle out of the Earth's gravisphere

into the gravitational control zones of

other celestial bodies.

Thus we can arrive at an astro-

nautical subdivision of space, based on
the extention of the gravitational ter-

ritories of the various celestial bodies.

Of practical and vital importance

to the astronaut are differences in the

environmental conditions of space it-

self: the space environment in the

vicinity of celestial bodies is different

from that in free interplanetary space.

It shows some peculiarities caused by

the mere presence of solid bodies, by

optical properties of the surfaces of

such bodies and by forces originating

in these bodies and extending into

space.

In the vicinity of the earth for

instance, we are protected by the solid

body of the planet itself from cosmic

rays and meteorites—just 'as we are

108

protected in the lee of a house from
rain, hail or wind. Other peculiarities

of space environment, near the earth,

are shadow and radiation.

The forces that cause special

regional environmental differences in

the space near the earth are those of

the geomagnetic field. The magnetic

field of the earth strongly influences

the influx of corpuscular rays of solar

and cosmic origin, by channeling them

into the polar regions. The density dis-

tribution of these ray particles in ad-

jacent space, in fact, shows consider-

able variations with the earth's latitudes.

For all these reasons, space in the

vicinity of the earth is somewhat differ-

ent from open interplanetary space.

To emphasize these differences,

Krafft Ehricke has introduced the con-

cept of the "terrestrial space" and

assumes for it an extension of 1 earth

radius, or 4,000 miles.

"Circumterrestrial space" might be

another suitable designation. For this

region, within which the earth's influ-

ence upon the ecological qualities of

space is distinctly recognizable, it might

be advisable to use the term "near

space," and for the region beyond, the

term "deep space" or "outer space."

• Solar Radiation—But outer space

again shows environmental differences

in various parts of our solar system.

These are based on variations in the

intensity of solar radiation as a function

of the distance from the sun.

A vehicle in the neighborhood of

Venus would receive about fifty times

as much heat per unit of surface area

each minute than a vehicle in the area

of Jupiter. This is an important factor in

climate control within the space cabin.

A vehicle fitted for a trip to Venus
would not be suitable for an excursion

to Jupiter, just as an expedition out-

fitted to hunt alligators in the jungles of

the Amazon could not be sent to hunt
polar bears in the Arctic. Any vehicle

entering the intra-mercurian space

would finally run into a kind of solar

heat barrier.

With respect to visible radiation, or

light, the "sky" in space is dark every-

where. However, the illumination re-

ceived from the sun varies considerably.

In the orbit of Mercury, it amounts to

almost 80,000-foot candles while at the

remote distance of Pluto, it is only 8

foot candles.

Finally, the ultraviolet range of

solar radiation, which is chemically

very active, has strongly influenced en-

vironmental conditions on the planets.

This is shown by the division of their

atmospheres into an inner oxygen belt,

and an outer hydrogen belt. The first

includes Venus, the Earth, and Mars.

The second comprises the planets from
Jupiter to Pluto. Spatiographic ecology,

then, covers two areas: the ecology of

space itself, and the ecology of the

planets, or planetary ecology.

• Ecosphere—For manned space

operations there seems to be—at least

for the time being and in the near

future—a limited area in the solar

system with regard to the ecological

conditions of space itself and the

planets.

This is a kind of ecosphere, or a

function of the distance from the sun

and the resulting radiation intensities.

This sphere includes the region from

Venus to Mars.

We get a dramatic impression of

the radiation intensity of the sun in

both respects by comparing the size of

the sun as seen from the various

planets. For instance, from the distance

of Pluto, the sun would not appear

larger than the evening star (Venus)

appears to us on earth.

For hundreds of years, astronomers

have been mapping the stars, measuring

the distances to them, and defining their

motions. The astronomer performs

these magical feats from afar while he

sits behind his telescope in a well-

tempered observatory, surrounded by

the fresh air of Texas or California

mountains.

By contrast, the astronaut will leave

the life-supporting air of our planet

and venture far into space, enclosed in

his own little "earth." He has to know
where he is going, into what physical

environment. He needs as guide a

"geography of space," or spatiography,

based essentially on ecological consid-

erations concerning space itself and the

planets.
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To Fire Missiles Fast

Use Solar Gas Turbines

Compact, reliable gas turbine

engines are ideal for missile ground support.

Here are the important reasons...

t

Q INSTANT STARTING - NO WARM UP. Solar gas turbines can be started and

fully operational in just 10 seconds ! They require no warm up . . . give instant power after

months of inactivity, even under severe temperature extremes. This 100% reliability makes

them ideally suited for missile support . . . where every second is of paramount importance

!

And gas turbines are the only prime movers which offer this tremendous advantage.

DEPENDABILITY. Gas turbines are the simplest of all heat engines. There are few

moving parts and no complicated cooling system. Overhauls are infrequent, maintenance is

easy, routine servicing can be completed in a few hours.

^) LIGHT WEIGHT, SMALL SIZE. Solar gas turbines are many times smaller ... and

weigh up to forty times less than conventional engines ! All essential piping and duct compo-

nents are a part of the engine. There are few accessories and controls.

PORTABILITY. Compact and lightweight, Solar turbines can be easily mobilized for quick

transportation to remote locations.

ADAPTABILITY. Versatile Solar turbines can provide power for virtually every phase of

missile support— such as erecting and aligning, fueling, calibration, checkout and launching.

Both shaft power and compressed air are available for important hydraulic, electric,

mechanical, and pneumatic applications.

USES ANY FUEL. Solar gas turbines can operate on almost any available fuel— includ-

ing gasoline, kerosene, natural or manufactured gas and diesel oil—greatly simplifying logistics

for remote missile operations.

Portability, instant power and 100% reliability

are continuing problems in the critical area of

missile support. For more information on how
Solar gas turbines can help solve these prob-

lems, write to Dept. F-ll, Solar Aircraft Company,

San Diego 12, California.

SOLAR
AIRCRAFT COMPANYV DES MOINES
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Qest&ial Maiesuali
can deliver your aluminum

aircraft extrusions

Yes, overnight delivery in most cases! What-
ever you need in aluminum bar and rod

stocks, AND shapes, extrusions or tube,

you'll find in General's complete stock of

Bridgeport Aluminum Aircraft Shapes. Angles

. . . tees . . . zees . . .1 beams.'. . hollow sections

. . . structural and AND shapes— all are avail-

able for immediate delivery from General's

complete aircraft section line.

Call, write or wire collect for fast service.

Also available is your free copy of General's

latest catalog of aluminum products. Write

for it on your letterhead.

STOCKS
• Rounds and hexagons up to 8" diameter

* Rectangular bars up to 5" x 6" or 4" x 8" (not

exceeding 51 lb per ft.)

* Square bars up to 6" x 6"

• Certified mill chemical and mechanical test

results in compliance with Federal Specifications.

Ultrasonic testing (if desired) at the Adrian,
Michigan, plant.

WAREHOUSE DISTRIBUTORS OF

EXTRUSIONS FOR AIRCRAFT
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BRIDGEPORT Bridgeport ALUMINUM
GENERAL MATERIALS COMPANY

of Texas, Inc.

1209 LEVEE STREET, DALLAS 7, TEXAS
Telephone Riverside 2-3900

missiles and rockets

GENERAL MATERIALS COMPANY
Division of Crosby Products Corporation

1400 PLAZA AVENUE, NEW HYDE PARK, N. Y.

Telephone PRimrose 5-9500

Circle No. 118 on Subscriber Service Card



REDBLUE

Air on Mars?

Yes-But . .

It seems pretty certain there's

"air" on Mars—but it is in such
small amounts that observers don't

know how much.
In simple terms, the Mars

visitor won't be bothered by the

humidity, or by breathing either,

for a long period. Both water and
oxygen are present, but in such
small quantities as to be virtually

undetectable by present measuring
methods. Same goes for gases

like argon, neon, krypton and
others.

Plants, like people, would
probably find breathing a problem
too, for the presence of carbon
dioxide is still to be confirmed.

Telescopic observations suggest

that Mars has an atmosphere
similar, though more trans-

parent than that of the Earth.

For more specific information on
the Martian atmosphere, astrono-

mers have relied mainly on the

spectrograph, though results so far

have been inconclusive. The per-

sistence of inconclusive results

(despite increasing sensitivity of
observing techniques) has led to

lower estimates of the quantities of
gases, such as oxygen, water vapor
and carbon dioxide.

During the 1956 close approach
of Mars, two husband-and-wife
teams—C. C. Kiess, H. K. Kiess,

C. H. Corliss, and E. L. R. Cor-
liss—participated in an investiga-

tion sponsored jointly by the Na-
tional Geographic Society and the

National Bureau of Standards.

Using more sensitive instru-

ments than ever before, scientists

took their observations from the

observatory operated by the U.S.

Weather Bureau on Mauna Loa
volcano in Hawaii. Other in-

frared spectrograms were made at

the Georgetown College Observa-

tory in Washington, D.C. The in-

vestigation concentrated mainly on
a search for oxygen and water
vapor.

Based on measurements, there

is less HaO in the Martian atmos-

phere than there is in a film of

water 0.08 mm (1/300 in.) thick.

These results are not incom-

patible with the presence of water

vapor in amounts sufficient to ex-

plain the transport of water from
one polar cap to the other.

Results do raise the question,

however, whether spectroscopic

tests used are delicate enough for

the purpose. Both theory and ex-

periment indicate that much
stronger bands occur farther in

the infrared, which may be helped

by spectrographs mounted in high-

altitude balloons, rockets or arti-

ficial satellites.

On earth, the light from Mars
is really a composite of three diff-

erent spectra, containing absorp-

tion lines originating in the re-

versing layer of the Sun's atmos-

phere, Mars' atmosphere, and in

the Earth's atmosphere. The wave-

lengths of the solar lines are ac-

curately known.
For the much more difficult

task of distinguishing lines due to

Mars from those due to the earth,

two methods have been in use.

One method is to observe Mars
at "opposition"— when Mars,

Earth, and Sun are most nearly in

a straight line, with the Earth

between the other two. Mars is

then at its brightest. Because the

distance between Mars and Earth

is neither increasing nor decreas-

ing, absorption lines originating in

the atmosphere of Mars will not

be separated by Doppler shift from
those lines originating in the

earth's atmosphere.

The second method is to ob-

serve Mars at some time before

or after opposition, when the Dop-
pler shift would clearly separate

Martian and terrestrial lines. Then
—if there is oxygen in the atmos-

phere of Mars—one might expect

the oxygen lines caused by the

Earth's atmosphere to have faint

companions, separated by the

amount of the Doppler shift.

The second method was used in

the latest investigation. Spectro-

grams were obtained about seven

weeks before opposition at Mauna
Loa, and about six weeks after

opposition at the Georgetown ob-

servatory. In the earlier spectro-

grams, the Doppler shift was 0.22

A (angstroms) toward the short

wavelengths, and in the later ones,

0.25 A toward the longer wave-

lengths.

The new study of the Martian

spectrum was undertaken in order

to see what could be done with

the newer aids to observation.

These include better diffraction

gratings and optical systems, faster

photographic plates, and more ac-

curate guiding mechanisms for

prolonged photographic exposures.

The numbers of molecules of

both gases are too small to be

detected with the equipment used.

The spectrograph used in the

present investigation could detect

no tLO bands beyond the one at

0.823 microns (1 micron=10,-
000A).

National Bureau of Standards

Technical Report 2192 provides

detailed data on the investigations.
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A message for young
physical scientists & engineers

from James H. Doolittle, Chairman, NACA

Future breakthroughs on crucial problems relating to

aircraft and missiles can be expected in light of

NACA's long record of achievement. NACA supplies

advanced research findings to the Nation's

aircraft and missile industry, to all branches of the
military, and to the airlines. All Americans
can be assured by the knowledge that NACA is

working with a spirit of urgency to help

solve the current most pressing problems of flight.

fir / James H. Doolittle

James H. Doolittle, Chairman, NACA;
Sc.D., Massachusetts Institute of Technology.

NACA has a staff of 7,750 research scientists and supporting personnel spread
among centers on both Coasts and in Ohio. NACA staff members in pursuit of new
knowledge have available the finest research facilities in the world, including

several of the largest and fastest supersonic and hypersonic wind tunnels, hot jets, a
fleet of full scale research airplanes, which will include the X-15, hypersonic bal-

listics ranges, shock tubes, a nuclear reactor establishment, rocket facilities, a

research missile launching site, tracking devices, and the most advanced mechanical
and electronic computers.

NACA Fields of Research Include: Aerodynamics, Aircraft and Missile

Structures, Materials for Aircraft and Missiles, Automatic Stabilization, Propul-
sion Systems, Propulsion Systems Structures, Rocket Systems, Solid State Physics,

Fuels, Instrumentation.

A number of staff openings are becoming available. You are invited to address
an inquiry to the Personnel Director at any one or all four of the NACA research

centers:

Langley Aeronautical Laboratory, Hampton, Virginia

Ames Aeronautical Laboratory, Mountain View, California

Lewis Flight Propulsion Laboratory, Cleveland, Ohio
High-Speed Flight Station, Edwards, California

(Positions are filled in accordance with the Aeronautical Research Scientist Announcement IB)

NACA The Nation's Aeronautical Research Establishment
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THREE GYRO ACCELEROMETERS

ROLL TORQUE MOTOR

Outside-ln Gimbaling Used In Thor
Optimum accuracy to be more important than

weight considerations in guidance device

Ed. Note—The February issue of

m/r (p 199) carried a description

of the type of stabilized platform

used on the Jupiter missile written

by the Deputy Director for Guid-

ance and Control, ABMA, F. K.
Mueller. Because of the basic dif-

ference in concept between the

Jupiter and Thor stabilized plat-

forms, AC Spark Plug division of

General Motors, manufacturers of

the Thor guidance system, was in-

vited to describe the Thor stabi-

lized platform. Briefly, and to re-

peat from February, the Thor plat-

form, like most units with unlimited

travel in all three degrees of free-

dom (as in aircraft, land and sea

applications), is gimbaled from the

outside-in while the Jupiter plat-

form departs from convention by

gimbaling on a central core (from

the inside out). Here, R. G. Brown,

Thor Engineering Program Direc-

tor for AC Spark Plug, describes

the Thor platform and outlines

some of the history preceding the

choice of such a platform.

THE MOST IMPORTANT REQUIRE-
MENTS placed upon tie first inertial

systems developed for manned long

range bombers were those of unre-

stricted operational maneuverability and
long flight times.

These two primary factors combined
with the current development of gyros,

accelerometers, and airborne electronic

computer components, logically lead to

the use of the external or outside-in

gimbal system.

Pioneering work in development of

inertial systems for long-range manned
aircraft came out of the Instrumen-

tation Laboratory of the Massachu-
setts Institute of Technology. Tak-
ing off from this study, AC Spark
Plug engineers went to work on a basic

system design that recognized the de-

velopment status of floated gyros and
analog computers, and employed these

components to promote optimum ac-

curacy rather than minimum weight.

Gyro drift characteristics were such
that a true inertial or untorqued gyro

reference platform was necessary. This,

coupled with the requirement for unre-

stricted maneuverability, required ex-

ternal gimbaling, since this design ap-

proach readily provided wide angular

freedom about more than a single axis.

Thus, the gimbal structure could

perform a portion of the required co-

ordination transformations. This me-

chanical analog computation was now
possible with an accuracy that could

not be matched by available airborne

analog or digital computers.

Subsequent laboratory and manned

aircraft flight testing showed that steady

state deflections could be limited to less

than a fraction of a minute by proper
design of hollow box-section aluminum
gimbals. During the course of the de-

velopment program, design data was
compiled on the stability of alignment

of inertial sensor elements, the sensitiv-

ity of precision machining materials to

thermo-cycling, and the vibration char-

acteristics of the mechanical structure.

This information formed a basis for de-
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He
compression

problems?

. . . not when you specify a

central compression system

delivered capacities of 47 to 75 scfm

at 3500 to 12,000 psi . . . -85°F. dew point (or lower)

. . . not over 4 parts per million oil content

Completely pre-engineered compression systems-
Individualized to meet your specific job or
project needs, without further engineering at

location.

Field-proved, trouble-free compressors . . .

4 or 8-cylinder, 4 or 6-stage.

Positive moisture and oil removal ...
mechanical separator with back-pressure valve-
purifier cartridges for final moisture and oil
removal.

Integral or remote storage ... for high flow rates -
no waiting for build-up.

Full range or mobile, semi-portable or extended
fixed systems for HELIUM, NITROGEN, AIR
OR ALL THREE.
WRITE FOR NEW TECHNICAL BULLETIN AND
FULL INFORMATION. COMPLETE PROPOSALS
PROMPTLY FURNISHED upon receipt of your applica-
tion data.

CARDOX CENTRAL COMPRESSION SYSTEMS

CARDOX CORPORATION
HIGH PRESSURE PNEUMATICS DIVISION
307 N. Michigan Avenue Chicago 1, Illinois

DISTRICT OFFICES AND WAREHOUSES THROUGHOUT THE NATION
Western States Distributor: General Air Equipment

824 Hollywood Way, Burbank, Calif.

Backed by 20 Years of Research,

Continuous Engineering and
Production Manufacture!

CARDOX Central Compression Systems were perfected

through the engineering and building of hundreds of

compressors and their associated equipment, operating

in the 12,000 psi range of high pressure pneumatics.

In their most numerous use, these compressors supply

the high pressure air used in mines instead of explosives

to produce nearly 20% of all bituminous coal output

of the U. S.

CARDOX Central Compression Systems are now sup-

porting missile testing and are also used by manufac-
turers of missiles in their component testing.

CARDOX' experience in such varied high pressure

pneumatic activities is unequalled. It is one reason why
with CARDOX Central Compression Systems you have

not just low maintenance, but virtually no maintenance

needs at all.

OTHER PRODUCTS OF CARDOX CORPORATION . . .

Carbon Dioxide Fire Extinguishing Systems and Foam Fire

Equipment . . . Mining Equipment . . . Liquid Carbon Dioxide . • •

Dry Ice
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. gimbal system

sign in later development work on in-

ertial systems for both air-breathing

and ballistic missiles.

• Ballistic programs—The advent

of Air Force-sponsored ballistic missile

programs provided impetus to refining

inertial sensor elements and mechanical

packaging techniques. The large-sized

gimbal sj'stems used successfully in

manned bombardment aircraft were

known to be incapable of maintaining

the necessary accuracy of inertial sen-

sory alignment when exposed to high

acceleration and vibration.

However, with the development of

smaller gyros and accelerometers that

had the required system performance

capability, application of external gim-

baling techniques in the design of mis-

sile guidance systems was again found

to be practical.

It was natural in following develop-

ment programs, to carry over as much
of the experience gained in the use of

externally gimbaled platforms as could

be applied to ballistic missile systems.

This was particularly true where ab-

breviated schedules reduced the time

for development of a production proto-

type.

Thus, initial design efforts in the

area of missile guidance revolved

around the use of smaller gyros and
accelerometers in conjunction with fa-

miliar and proven package designs.

The fact that external gimbaling

could withstand high vibration and sus-

tained acceleration with a conservative

design margin was demonstrated by
centrifuge vibration and rocket sled

tests, as well as actual missile flight

tests.

Where highly precise and stable me-
chanical alignment of the inertial sens-

ing elements is essential, it has been
found advantageous to use high density

packaging techniques. This can best be

achieved by applying the external gim-

baling approach.

High density packaging is the prac-

tice of integrally mounting the stabiliz-

ing gyroscopes and acceleration sens-

ing instruments in a tight cluster on a

rigid platform. The use of precision

machining and lightweight materials has

made possible the design of a high

density inertial instrument package,

that is considered capable of meeting

both weight and accuracy requirements.

Having attained the desired inertial

package design, it is relatively easy to

wrap two additional gimbals around it

and provide additional degrees of free-

dom for preflight erection and in-flight

stabilization. Use of newly engineered

May, 1958

Radar

Systems

Engineers

E xpansion of existing and

initiation of new projects

indicate a still greater

dominance of Sperry in the

Radar field. Professional

opportunities, unusual in their

prospects for development

and recognition, exist in

many fields including:

Radar Modulation

Pulse Circuit Development

Radar Transmitters, Receivers

& Display Equipment

Microwave Component Development

Magnetron & Klystron Transmitters

Antenna Design

Electronic Packaging

Sperry enjoys an exceptional

record of stability and growth,

beginning with its first

engineering achievement in 1911.

Qualified engineers are invited

to contact Mr. J. W. Dwyer,

Employment Manager,

for a confidential interview.
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missiles and rockets

U. S. Navy uses

SEELSKREWS in Aerobee Rocket

The U.S. Navy's Aerobee High Rocket is

tracked from below by means of
beacon slot antennae. Sixteen APM
SEELSKREWS (self-sealing screws)
hold and seal each of eight built-in

antennae flush against the skin—
a total of 128 SEELSKREWS
per rocket.

Nose cone exten-
sion, 16 seei-
SKREWS maintain
leakpraof sealing.

Two beacon slot
antennae mounted
on interior of skin.

One of eight an-
tennae mounted in

two rocket sections.

Aerobee rocket being trundled to launching pad.

In this application APM SEELSKREWS are used
i to maintain pressure integrity from ground level to

I

altitudes of 160 miles—virtually a complete vacuum.
SEELSKREWS resist vibration and shock as the
rocket is trundled to the launching pad . . . and even
maintain their sealing action throughout the critical

period of powered flight. In other applications,
SEELSKREWS have held pressures in excess of

Send for Catalog H-l

AUTOMATIC and PRECISION MANUFACTURING CO.

252 HAWTHORNE AVE. • YONKERS, N. Y. • YONKERS 8-201

SPECIALISTS IN HIGH PRESSURE SELF SEALING FASTENERS AND HIGH PRESSURE SWITCH AND SHAFT SEALS

gimbal system

116 Circle No. 37 en Subscriber Service Card.

cross sections for these outer gimbals

has resulted in a rugged gimbal system.

Machining tolerances for the two outer

gimbals need not be as stringent as for

the inner rings, since they perform only

a stabilization function and not a basic

alignment reference function.

• Gimbal unit details—The accom-
panying sketch shows the essentials of a

typical outside-in gimbal unit such as

is presently being produced by AC for

ballistic missile use.

The inertial instrument package in-

cludes three single-degree-of-freedom

floated gyroscopes mounted directly to

machined surfaces on the platform cast-

ing with their input axes mutually per-

pendicular.

The relative orientation of output

and spin axes has no direct effect on
system performance, so that orienta-

tion can lessen gyro drift effects and

thus add to the accuracy of platform

stabilization.

Also mounted directly to the plat-

form casting are three gyro accelerom-

eters oriented so that their input axes

are mutually orthogonal and parallel to

the stabilization gyro input axes.

The high density packaging ap-

proach minimizes the required num-
ber of separate parts by mounting the

elements of the accelerometer drive

servo directly to the single platform

casting, rather than placing them on
an intermediate support member.

Elimination of mounting supports

and other parts not only achieves an

increase in reliability, but also provides

insurance against a shift in accelerom-

eter alignment during field use. Mis-

sile applications where nut-and-bolt or

screw-type mounting of critically

aligned inertial members is employed

are known to be prone to mechanical

slippage.

In addition, such mounting methods

often require highly skilled personnel

using precision equipment to establish

an accurate alignment between inertial

elements.

Use of the inertial platform as

an integral mount—easily accom-

plished with the external gimbaling ap-

proach—places the burden of align-

ment accuracy on basic machining tol-

erances, rather than on less easily con-

trolled techniques of assembly.

• Control simplification—A by-

product of high density packaging is

simplification in thermal environmental

control.

In ballistic missile applications, con-

stant readiness requirements may dic-

missiles and rockets
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This is what we mean by

rapid-access

DATARITE

This instrument places visible, developed,

dry and ready-to-use oscillograph records in

your hands within 0.8 seconds after exposure.

DATARITE and 5-1 19 Recording Oscillograph

. : . only DATARITE can offer. . .visible records at the

instant the paper emerges from the magazine exit ... no
further processing. . . unmatched trace contrast and
clarity. . . a true rapid-access magazine which uses stand-

ard commercially available thin-base recording papers

. . . 400-ft. record capacity. . . internal flash processing

with a single chemical solution ... no toxic chemical

sprays or vapors . . . standard light source . . . oscillo-

grams which can be easily duplicated by any conven-
tional process . . . permanent test results continuously

while the test is in progress.

DATARITE Magazines directly replace the standard

magazines of both the 5-119 and 5-114 Recording Oscil-

lographs without special attachments or modifications.

These combinations provide a unique, transportable

recording instrumentation package for on-the-spot

analysis of complex military and industrial systems.

For complete information on DATARITE — on how to

eliminate testing-bottlenecks — contact your nearest

CEC field office, or write for Bulletin CEC 1598-X15.

Consolidated
©Electrodynamics

300 No. Sierra Madre Villa, Pasadena, California

OFFICES IN PRINCIPAL CITIES THROUGHOUT THE WORLD



Solution

To olign radar antennas with extreme accuracy.

Kollmorgen 30X Collimator.

Measures within a pencil's width at a mile.

Kollmorgen instruments

like these are bridges between

the eye and the invisible*

The various instruments on this page all have

one purpose in common—they allow the observa-

tion and measurement of objects which it would
otherwise be impossible to see in detail. In

bunkers, under water, in the absence of light,

in the presence of radioactivity and under many
other adverse conditions, Kollmorgen remote

viewing instruments have brought the eye of

the observer to the heart of his problem.

A letter to us with a simple sketch illustrating

your remote viewing problem will place one of

America's most respected and versatile de-

signers and manufacturers of optical instru-

ments at your service. For more information

write Department 105

optical corporation
347 KING STREET, NORTHAMPTON, MASS.

Problem

Solution

Remote viewing in the presence of

harmful radiation, heat, pressure, water

or toxic gases.

Kollmorgen Wall Periscopes with non-

browning optics, corrosion-resistant ma*
terials, 180° scanning.

Problem

Solution

Detailed, long-range observation at sea

under varying weather conditions.

Kollmorgen 20X, 120 Ship Binocular.

Wide, bright field. Hermetically sealed,

super lightweight.

Problem

Solotion

Internal inspection of inaccessible areas

of tubing, long bores, machinery, en-

gines, aircraft structures.

Zeiss-Kollmorgen Self-illuminating Bore-

scopes. Diameters from .100 . lengths

fo 45 feet. Bright, clear field.
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. . . gimbal system

tate long-time stability of gyro and ac-

celerometer characteristics. Stability of

these inertial elements is extremely de-

sirable from an operational standpoint:

re-calibration and alignment checking

of these units (often exacting proce-

dures) are not necessary to achieve the

missile flight objective.

Experience has shown that the re-

quired stability is most easily achieved

by minimizing thermal cycling and

gradients. The high density packaging

offered by the outside-in approach gen-

erally reduces the volumetric require-

ment for thermal control, and hence

simplifies establishment of a satisfactory

temperature environment for the iner-

tial sensing elements.

• Design advantages—Another ad-

vantage is that the gimbal rings which
surround the inertial package provide

a natural support frame for direct-drive

torque motors.

The elimination of backlash and

gearing inertia problems are advantages

well known to designers of high resolu-

tion stabilization systems.

An objection to the use of the di-

rect-drive motor has been the complex-

ity and size of the associated power am-
plifier unit.

In recent years however, the re-

duction of load inertia attendant with

miniaturization of the gimbal package,

coupled with the development of high

power transistors, has resulted in small

and efficient amplifier units capable of

powering the direct-drive mechanism.

In addition to affording a natural

housing for the torquer, the wrap-
around gimbal can be designed to sup-

port electromechanical resolvers and
data synchros, potentiometers, transis-

torized amplifiers, and other compo-
nents without appreciably increasing the

overall size of the gimbal.

The accompanying drawing shows
the pitch resolver used for the resolu-

tion of gyro error signals as typical of

this type of component mounting.

While this article has dealt primar-
ily with the advantages of external or

outside-in gimbaling, there is much to

be said of the inside-out approach, the

gimbal-less approach, and other inertial

sensor support techniques.

Each must be weighed on its own
merits with a critical look at specific

system requirements, status of develop-

ment of primary inertial sensor units,

in-house design and manufacturing ex-

perience, and the time allotted for de-

velopment work and investigation of

alternate approaches.
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SPIRATUBE helps keep
jet's brains cool

Wherever planes fly, Spiratube is used for ground
service support. Here it's used to keep the electronic

flying and fire control brains of a Convair F-102A
from overheating during ground tests. Used in con-

junction with a Keco Air Conditioner, it helps keep
the air at 80° or less and under approximately the

same pressure as when the jet is airborne.

Spiratube®, a flexible, reinforced fabric duct, is

used for this purpose because it is able to withstand

abrasion and pressure and retracts easily for storage

in the compressor. (A 25-foot section of Spiratube

retracts to 33s feet and forms a compact, lightweight,

easily portable bundle.)

Flexible Tubing makes a complete line of flexible

ducting and special shapes for the aviation industry.

And the background and experience of our field en-

gineers are always available. Say the word and we'll

be glad to have one of them stop by to talk over

your problems. For full information, write Dept. 215.

Represented nationally by Aero Engineer-

ing Co. and Airsupply Co., and by Asso-

ciated Industries in Seattle, Washington.

flexible Tubing
Corporation

Guilford, Connecticut

Anaheim, California Hillside, Illinois



The engineers got a close-up view. .

.

but this AUTO ZOOM* Lens took the risk

The bird was a bust. But the engineers,

using closed-circuit TV and the Perkin-

Elmer auto zoom Lens pictured above, got

a pad-side view. Lens and camera (and the

bird) were the only casualties ... a small

price to pay for observations that will help

insure the success of the next launching.

The P-E auto zoom mounted on a stand-

ard closed-circuit TV camera lets you mon-
itor near or distant action or instruments

from one position . . . with one camera . . .

without loss of focus or change of lenses —
and from a point out of range if something
goes wrong.

*TM

Here are just a few applications for the

auto zoom :

• Engine test stand observation • Wind tunnel

observation • Launching pad observation • Air-

port traffic control • Battlefield surveillance •

Target simulation • Production line surveillance

Wherever you can use closed-circuit TV,
you can use an auto zoom to good advan-
tage. Remember, too, an auto zoom can
often do the work of a second camera — at

one-tenth the cost.

Write for illustrated brochure and prices.

The auto zoom Lens for TV cam-
eras using Vidicon type tubes
focuses from 6 feet to infinity.

Zooming and focusing can be
done remotely through motorized
drives.

ENGINEERING AND OPTICAL DIVISION

PerkinElmer Of(nation—

NOR WA L K CONNECTICUT
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profile

Robert P. Haviland —

Mr.

Missile

Reliability

by Erica Cromley

PROGRESS has always leaned heavily

on two types of people: the thinkers

and the doers. Second to these are the

teachers of the thinkers and doers

—

those who spark creative ideas in others

and spur them into action. The world

has had few who have combined all

three. Robert P. Haviland is such a

man.

As Advanced-Systems Planning En-

gineer—Satellites at General Electric's

Missile and Ordnance Systems depart-

ment, Haviland puts his rare talents to

work on advanced satellite systems and

on the creative potential of the young
engineers which comes to fruition un-

der his guidance. One company official

said of him recently: "He has a unique

way of laying out facts which tends to

make the 'green' engineers creative."

Haviland, 44, has the type of mind
that can get to the heart of a problem
immediately. He has a vast store of

knowledge in all the scientific and en-

gineering disciplines surrounding mis-

sile work: electronics, electromechan-

ics, propellants, instrumentation, test-

ing, guidance, stress and human en-

gineering factors.

There are any number of men who
are more competent in each field, but

few men can relate all fields as Haviland
can.

His scope is vast. It is buttressed by
a fantastic memory, constant study, an
avid interest in his field and attention

to details. His mind is always racing

I
ahead. He is essentially a planner.

As early as 1946, he worked on
i extension of missile technology into

|

the satellite field at the Bureau of

[
Aeronautics. He then went to General

May, 1958

Electric in 1947 as flight test engineer

on such projects as Hermes and other

extensions of the V-2.

On February 24, 1949, a modified

V-2 Bumper reached a peak altitude of

242 miles. This was man's first toehold

in space. Willey Ley, space lecturer,

said in his book Rockets, Missiles

and Space Travel: "Robert P. Havi-

land, who had been project engineer of

the experiment, probably did more than

any other single man to bring this shot

about."

• Christened—References to Havi-

land as Mr. Missile Reliability go back

to 1951 when he began his intensive

study of missile failures. "I was greatly

disturbed . . . every rocket I had
worked on had at least one thing go

wrong with it. For five years while I

THE HAVILANDS practice the Cha-
cha-cha, taught at a local dance class.

was flight-test planning engineer and

systems engineer, I worked on reli-

ability. I have finally evolved what I

call a theory of reliability but I have

not yet had time to verify it."

(This last refers to his report for

GE, "Introduction to the Theory of

Reliability"—an attempt to set forth

basic principles which will determine

whether a system will work before it

is formally tested.)

Haviland's interest in space re-

ceived its initial thrust during his col-

lege days at the Missouri School of

Mines, Rolla, Mo., when much of his

spare time was spent reading science

fiction.

In 1939, when he received his BS
in electrical engineering, he kept his

feet on the ground as a geophysical

engineer in field and development oper-

ations for a Texas Oil company.
During World War II, as a lieu-

tenant commander in the Navy, Havi-

land served as project officer on radar

beacons at radiation labs at MIT and the

Bureau of Aeronautics. It was while

with BuAer, when reports first came in

on the V-2, that his interest in missiles

was fired.

In 1945, after careful study of all

the data available, he wrote a long

memo to the Chief of BuAer telling

him what could be done. This memo
resulted in expansion of the bureau's

rocket program which, even at that

early date, included satellites.

Haviland early became concerned

about America's status in the race to

enter space—and the fact that the pub-

lic still regarded space programs as

"Buck Rogers stuff."
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. . . profile

FAMILY PROJECTS. At home with the Haviland clan, a

new world globe acquires a fresh paint job.

RADIO HAMS. The family tunes in regularly to Haviland's

homemade radio set.

In September. 1957, a month be-

fore the launching of Sputnik I, Havi-

land warned, "We have grossly under-

estimated not only the potentialities

of other countries, but also their rate

of development and the impact of that

development on the rest of the world.

Mere spending of money will not be

enough. We need more intelligence

and wisdom in order to determine the

right way to spend money."

• Achievements—Haviland has writ-

ten many papers which have received

widespread acclaim, but four areas of

his work stand out:

1945—A complete examination in

the field of satellite vehicles for the

Navy Department which led to a train

of studies by various U.S. organiza-

tions.

1955—A paper on the "Application

of the Satellite Vehicle" before the

American Rocket Society, in which he
critically examined the question of

what will be done with space travel

once it is achieved.

1957—Proposal of three large

space stations as communications satel-

lites for radio and TV in America,

Europe, Asia; at the Congress of In-

ternational Astronautical Federation in

Barcelona. Spain.

Recently—The technical study of

the communications proposal.

Haviland, the man, feels keenly the

responsibilities of Haviland, the scien-

tist. Basically shy and introverted, he

is given to meditation ibout man's role

in the universe and v. hether he will

fulfill it. "We have to find out why
mankind is here or we are not going to
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be here," he said recently. "Space offers

man an alternative to destruction to

satisfy his drive to conquer. If we
direct our energies up there, we won't

be destroying each other down here."

He feels strongly about the dignity

of the individual. "Me-too-ism is the

worst danger to our American civiliza-

tion and right now, it is a very popular

concept. We have got to stop looking

down on people because they're dif-

ferent. Creativity requires an atmos-

phere conducive to inquiry, indepen-

dence and analysis."

However, Haviland is a proponent

of moderation ("my byword," he says),

and is concerned that we don't swing

too far the other way. "Until recently

we have not emphasized science

enough. Now the danger is that we
may emphasize it to the exclusion of

other things just as important."

He feels that young people should

be taught to express themselves ade-

quately; while there should be in-

creased emphasis on science there

should be similar emphasis on English.

"You can give young people a tre-

mendous amount of scientific back-

ground, but, if they do get creative

ideas and cannot adequately communi-

cate them to other people, they are

useless."

• No chips off the block—His three

children have been brought up with

emphasis on family intercommunica-

tion, but so far there are no signs of

following pa's professional footsteps.

They are happy, imaginative young-

sters.

Kay, 17, a senior in high school,

wants to be a librarian. Jean, 15, a high

school sophomore, has her sights set on
a nursing career. Jon Robert, 12, is no
further out of the atmosphere than

airplanes, his hobby; and boy scouting,

his avocation.

Haviland met Opal, his brunette

wife, during his early college years at

Central Wesleyan College at Warren-
ton, Mo. They were both working their

way through college—she as secretary

to the college president; he as a movie
projectionist in a local theatre.

The Havilands' contemporary house

in Radnor, Pa., just outside Philadel-

phia, is their 23rd dwelling place in

18 years.

The Havilands don't get as much
time together as they would like be-

cause of the rugged traveling schedule

that goes with a scientist's job.

Family projects when they are to-

gether include: working the ham radio

set that Haviland put together; building

furniture (23 pieces in the last few

years, including a space-flight design

mosaic coffee table); painting a three-

dimensional relief model of the earth;

and outdoor cookery on the terrace.

Last year the Havilands took a

dance course which they try to put

into practice at least once a month. No
community joiner, Haviland's one ex-

ception is a local swim club where he

exercises.

He is active, however, in profess-

ional organizations: American Insti-

tute of Electrical Engineers, American

Rocket Society, Franklin Institute and

British Interplanetary Society. He is

also on m/r's advisory board. Just re-

cently he was elected to membership

missiles and rockets



Computing Components/

Instrumentation and Controls

BY LIBRASCOPE

Ball-Disc Integrator ... for use in total-

izing, rate determination, differential

analyzers, or as a, closed loop servo-

element ... 0.01 %V(av) optimum repro-

ducibility.

Analog Digital Converters. . .for convert-

ing shaft position to digital information

available in Binary, Gray code or Binary

decimal. Also Sine Cosine functions.

X-Y Plotter and Recorder ... for point or

continuous plotting, with positive me-
chanical drive in recording graphic data.

Several models and accessories available.

Linear Integrator .. .for systems or

instruments requiring integration, aver-

age computations, direct or remote read-

ing . . . mounted on chart recorder.

Sine Cosine Mechanism ... for problems

of changing variables involving vector

components, range and bearing computa-

tions, sight computation, etc.

Magnetic Storage Drum ... for medium
storage applications; capacity 131, 072
non-volatile bits; drum speed 3800 rpm;

clock frequency 130 kc.

Flow Computer . . . extracts square root

and continuously integrates both differ-

ential and static pressures for applica-

tions such as orifice measurement of

fluids.

Linkages ... for computing equipment;
precision addition, subtraction linkages;

multiplying linkages and function gener-

ators with displacement outputs.

Read-Record Heads. ..for high fre-

quency, non-contact recording applica-

tions in magnetic memory systems; high

read back signals.

Custom Gears; Limit Stops, Shafts, Cou-

pling and Cams ... for computer, servo-

mechanisms and instrument applications.

Hollow Shaft Differential. ..offers greater

versatility in summing angular shaft

positions; Hollow Shaft reduces bread-

board and production costs.

Planimeters ... for miniature strip chart

recorders for simple integration with

variable speed control; 2 models: square

root and linear.

There are available catalog sheets, bulletins

\ or folders on all our products.

RELIABILITY is the prime consideration in the

design and construction of the extensive line of

Librascope products— the result of 20 years in the

successful manufacture of mechanical, magnetic,

optical, electronic and electrial instruments for

military, research and commercial uses.

Your requirements for development or

manufacture of similar products

are requested.

LIBRASCOPE 808 WESTERN AVE GLENDALE
May, 1958 Circle No. 123 on Subscriber Service Card.
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GENERAL ENGINEERING DATA ON NEW

Airborne Modular Design Rotary Actuator
SERIES R12

100 in.-lb. max. op. capacity—26 v d-c or 400 cycles a-c

DESCRIPTION:
, Actuators are designed to meet requirements of

MIL-A-8064A and MIL-E-5272A. RD Series-motors

are designed to meet requirements of MIL-M-8609

(26 v d-c split field series wound reversible inter-

mittent duty motor with magnetic brake). RA

Series—motors are designed to meet requirements

of MIL-M-7969 (I15v 400 cycles a-c single phase

reversible intermittent duly motor with magnetic

brake).

Actuators include internal starting capacitor or

radio noise filter per MIL-1-6181B, limit switches

externally adjustable throughout stroke, and non-

jamming mechanical stops.

Operating strokes from 20° to 270° are available.

An additional 10° of overtravel is provided. If in-

termediate position switches are used, operating

strokes of up to 70° either side of intermediate

position can be achieved.

Maximum operating load—up to 100 in. -lb.*

Ultimate static load—up to 200 in.-lb.f

Weight—approx. 0.9 lb: for RD Series; 1.1 lb. for

RA Series—includes mounting flange and output

shaft shown. Weights for special mounting flanges,

output shafts, electrical connectors or transmitters

will be furnished on receipt of applicable

specifications.

Electrical connector is shown in standard position,

but may be located on other surfaces for special

applications.

Actuators are available with load limiting devices,

intermediate positioning switches, and thermal

overload protectors.

^Depending on motor and gear ratio selected

tDependmg on gear ratio selected

2 SWITCH DC.
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Airborne modular rotary actuator classification

R12 is comprised of 12 standardized, inter-

changeable components from which you can

specify over 40 different actuator packages

with load ratings, speeds and configurations

to meet your requirements. Consult your Air-

borne representative or the factory for stand-

ard performance curves.

LINEATOR® • ROTORAC® • TRIM TRO

Area under curve represents performance

range available with standard components.

Performances beyond these limits may be

achieved by using special components.

Typical RD/RA-12 Module
wt. 0.9-1.1 lb.

ROTORETTE® • ANGLgear® ROTOLOK

AIRBORNE ACCESSORIES CORPORATION
HILLSIDE 5, NEW JERSEY

Represented in Canada by: WINNETT BOYD LIMITED • 745 Mt. Pleasant Rd., Toronto 12, Ont.

NEW MODULAR ACTUATOR
CATALOG MR-58

Contains pertinent information on new Airborne

modular design rotary actuators, including oper-

ating capacity curves and complete dimensional

data. Write for a copy today.
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. . . profile

in the national electrical engineering

honor society, Eta Kappa Nu.

• Bookworm—Young Haviland

grew up on a farm in Patmus, Ohio,

but his mind was not on farm chores.

"When it was milking time they could

never find me. I was usually off some-

where with a book." Kid games and

horseplay never interested him. Havi-

land sopped up information from every

science and adventure book he could

get his hands on. He was obsessed with

the "why" of things. At age eight, he

took the alarm clock apart to find out

what made it tick—but couldn't get it

back together again.

A sound tanning might have turned

the budding scientist to safer juvenile

pursuits and the world would have

been the poorer. Instead, father Havi-

land expressed "mild annoyance" and

the subject was dropped.

His father did, however, insist he

learn a trade, and saw to it that Havi-

land absorbed the fundamentals of

carpentry—a skill he now keeps sharp-

ened on family furniture building

projects.

• Future pursuits—Haviland de-

scribes his present position as one with-

out assignment. "My job is to think

about the future." Future thoughts now
are on commercial uses of satellites.

Of these, Haviland is concentrating on

three: communications (for interna-

tional TV reception), meteorological

(more accurate weather forecasting)

and geodetic (more accurate mapping

of the earth).

The space scientist predicts that

within 10 to 15 years Americans will

be tuning in their TV channels to

Buenos Aires and London as noncha-

lantly as they flip their set to the local

stations today.

These and other space vehicles are

the subjects of Haviland's thoughts as

he postulates the problems involved

with their achievement.

Haviland's working day is spent in

a small white office on the third floor

of GE's plant at 3198 Chestnut St.,

Philadelphia. But his mind is 4,000

miles up in space—and five to ten

years ahead of the engineers who will

one day convert these thoughts to the

j

instruments by which man will break
loose from earth and fly out into space.

• Point of no return—An admirer
of Haviland recently asked him, if,

since his working day took him so far

out into space, he had any difficulty

coming back to earth at quitting time.

"Who comes back?" Haviland re-

plied.

RECEIVER
FREQUENCY

^bb^ Ebb b^^I b^^bl Ibbs

TYPE REU-200

Now available . . .

receiver frequency coverage to 900 mc

. . . Nems-Clarke Type REU-100 and

Type REU-200 Range Extension Units

permit extension of frequent ranges

up to 900 mc when used with

Nems-Clarke Special Purpose Receivers

SPECIFICATION S

Frequency Range REU-100 250-475 mc
Frequency Range REU-200 475-900 mc
Noise Figure 12-14 db
IF Frequency 60 mc
Input Impedance 50 ohms
Output Impedance 50-75 ohms
Power Requirement 110-220 volts AC
Size 19" x 7" x 12"

(standard rack mounting)
Finish Gray Enamel

AM, FM, or CW, according to the receiver with

which the range extension unit is operating.

LARK& COMPANY
919 JESUP-B SILVER SPRING. MARYLAND • JUNIPER S-IOOO

FOR FURTHER INFORMATION, WRITE DEPT. M-5
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NEW 8 LB . S ILOAD BATTERY RUNS DRILL 2 HOURS
...and makes it really portable!

Now there is a way to make a really portable power tool!

Redesign with exciting, new YARDNEY SILCAD® Silver-

Cadmium batteriesthatare far lighter, smallerand much
more powerful than nickel-cadmium and conventional

lead-acid batteries.

Imagine the increased versatility and wider appli-

cations possible in a power hand drill, for instance, that

can run continuously up to 2 hours on a single YARDNEY
SILCAD® battery .. .without the need for plugs, outlets,

cords, or other electrical connections. The YARDNEY
SILCAD® can be recharged quickly, easily, and inex-

pensively, too, for added economy. Its voltage output

remains constant throughout discharge. The YARDNEY
SILCAD'S will operate at peak efficiency under a wide

variety of adverse environmental conditions such as

shock, vibration, moisture and wide temperature ranges.

And they are available in a wide choice of capacities

from .1 ampere-hour to 300 ampere-hours and larger.

Remember the exciting advantages of this new

battery when designing portable power equipment. No

other portable power source offers so many opportuni-

ties for imaginative application. Write for complete

technical data today.

YARDNEY ELECTRIC CORP.
"Pioneers in Compact Power"

Patents granted and
pending throughout

the world.

Copyright 1958

40-50 LEONARD STREET, NEW YORK 13, NEW YORK V SYSteM / Yardney Electric Corp.

Associate Laboratories throughout the world.

YARDNEY SILVERCEL® BATTERIES ARE USED IN 19 U.S. MISSILES. ..INCLUDING MAJOR INTERCONTINENTAL AND INTERMEDIATE-RANGE MISSILES.
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Every Ounce Counts, So . . .

Pump Cuts Weight,

Raises Power Ratio

by William Patterson*

EVERY REDUCTION in the weight

and size of a missile or rocket com-
ponent makes it a little easier for the

vehicle to penetrate the earth's atmos-

phere.

At Vickers, Inc., a significant con-

tribution to hydraulic component weight

and size reduction was made when re-

cent tests were completed on a new
variable delivery pump with a 100%
increase in power-to-weight ratio. With
today's missiles and rockets carrying as

many as 10,000 separate assemblies,

miniaturization of components is an im-

portant phase of development.

• Figure 1 shows the comparison

between a standard size variable pump
and the miniaturized version capable of

the same output. This miniaturization

of the variable delivery pump represents

a 48% weight reduction and 70%
smaller envelope.

This means a savings of approxi-

mately 2.3 pounds without sacrificing

volumetric or overall pump efficiency.

Reliability and response characteristics

equal or exceed those of the standard

variable hydraulic pumps now in use on
aircraft and missile applications.

These fact9 and figures become par-

ticularly impressive when it is consid-

ered that for every added pound of

component weight, a missile's gross

weight is increased 30 to 50 pounds.

Since liquid fueled turbines have a high

specific fuel consumption, and in many
cases are used to drive hydraulic aux-

iliary power units, high pump efficiency

and lower weight can be translated into

less fuel carried or longer burning time.

If the missile hydraulic accessory

power unit is battery powered, the same

FIG. 1. Comparison between standard and miniaturized variable-

delivery pumps of same output. New design saves 2.3 lbs.

*Senior Staff Engineer
Aero Hydraulics Division, Vickers
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FIG. 4. Laboratory setup for endurance run of pump.

advantages apply in terms of lower

electric current drain, less battery

weight and longer discharge time.

• Variable pump—The variable dis-

placement pump compares favorably in

size with that of a standard constant

displacement pump and means that

variable delivery output is available

from a constant displacement size pack-

age.

Development of the miniaturized

variable pump actually covers several

years and is the result of continuous

research and engineering efforts to im-

prove existing components.

Much of this product improvement
effort was directed toward achieving

optimum valve port location and shape

to achieve the ultimate in pumping effi-

ciency. Also, changing the angular posi-

tion of the valve plate inlet and outlet

ports with respect to piston position

would vary the fluid volume delivered

by the pump.

This design principle indicated that

substantially fewer parts would be re-

quired and that a marked reduction in
j

overall weight and size would result, if i

the reduced design would not sacrifice

efficiency.

The critical need for high efficiency,

low weight and size hydraulic compo-
nents for missile applications prompted
a concentrated attack on these prob-

lems by the company's engineering and
research facilities of prime importance

to the researchers was no loss of power
in favor of weight.

The miniature variable displacement

pump is a direct descendant of the axial

piston fixed displacement design that

has millions of hours of proven service

dependability. The similarity extends to

the rotating group of the new pump
that has the same proven design for

3000 psi operation, but incorporates

new features that permit much higher

rotative speeds and shorter overall

length.

The unit is rated at 8000 to 12,000

rpm for 1000 hour life applications;

12,000 to 18,000 rpm for missile ap-
|

plications; and up to 24,000 rpm for

transient, overspeed and intermittent

duty.

• Characteristics—Together with in-

herent reliability through simple opera-

tion of fewer moving parts, the pump
possesses extremely high power-to-

weight ratio (7.2 hp/lb) at 24,000 rpm
and an equally impressive power-to-

volume ratio (0.86 hp/cu in.) for the

consideration of missile makers.

While these ratios provide an ex-

cellent means of comparing power gen-

erating and conversion devices, the real
j

criteria for measuring pump perform-

ance is volumetric and overall effi-

ciency.

Because variable delivery pumps are
j

selected to conserve energy at power
levels of less than full demand, pump
efficiency at partial flow conditions is

the real test of variable delivery pump
performance.

Figure 2 is a curve that shows the

pump's efficiency over the entire flow

range. Note especially the high effi-

ciencies in the low flow range as

shown in the chart.

Figure 3 shows that at full delivery,

volumetric efficiency remains at the 96

to 98% level over a pressure range of

500 to 3000 psi.

High efficiencies across the entire

Fl XED DISPLACEMENT TO RESERV0I

R

FROM RESERVOIR

FIG. 5. Proposed auxiliary power system using new pump.
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ARMCO 17-7 PH STAINLESS
gives Bomarc strength, light weight
Tanks and structural components of Boeing-designed and

produced missile made of Armco 17-7 PH Stainless Steel.

At supersonic speeds and altitudes, the U. S. Air Force's

Bomarc IM-99 can destroy enemy aircraft many miles from

vital targets. It has been described as a new and significant

dimension to the defense of the United States.

The Bomarc's tanks and wing components are made of

Armco 17-7 PH Stainless Steel because it provided Boeing

designers with the best combination of weight-saving strength,

corrosion resistance, and good fabricating characteristics.

MEETS MISSILE REQUIREMENTS

For the same reasons, plus its high strength-weight ratios up to

900 F, designers of other missiles and supersonic aircraft are

specifying Armco 17-7 PH for critical parts. It provides a com-
mercially available material that withstands high stresses and
heat, and can be fabricated economically by standard pro-

duction methods.

Now, Armco's newest precipitation-hardening stainless steel,

PH 15-7 Mo, offers even greafer advantages for missiles and
supersonic aircraft.

For design data and fabricating information on these special

Armco Stainless Steels, just fill out and mail the coupon.

Two of the supersonic Bomarc's 17-7 PH stainless steel tanks.

ARMCO STEEL CORPORATION
1748 Curtis Street, Middletown, Ohio

Send me data on Armco 17-7 PH Armco 17-4 PH

Armco PH 15-7 Mo

[ Name

|
Company |

Street

I City Zone State

I I

ARMCO STEEL
ARMCO STEEL CORPORATION • 1748 CURTIS STREET, MIDDLETOWN, OHIO

SHEFFIELD DIVISION • ARMCO DRAINAGE & METAL PRODUCTS, INC. • THE ARMCO INTERNATIONAL CORPORATION
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Tliml?olti
...ARE USED IN THE VANGUARD
LAUNCHING VEHICLE SECOND-STAGE

Blind Bolts attach a metal skirt to the

welded steel nitric acid tank in the pro-

pulsion unit, and at the oxidizer and

fuel tank ends, attach the steel tank

skirt to a magnesium skirt.

Blind Bolts feature high strength, ele-

vated temperature and excellent fatigue

properties. Available in aluminum,

stainless steel and titanium. Write for

technical data.

- CORE BOIT

I / ^- EXPANDER
\l— SLEEVE

f£%W RIVET TOOL COMPANY
2600 WEST 247TH STREET • TORRANCE • CALIFORNIA

FIG. 6. Typical motor-pump combina-
tion used in a surface-to-air flight con-
trol system.

flow range, and especially at lower

flows, are significant with respect to the

amount of heat rejected to the hy-

draulic system. Since many missiles do
not utilize hydraulic system cooling, the

higher pump efficiency will result in

lower final systems temperatures.

Lower temperatures contribute ma-

terially to improved reliability of sys-

tems components. This heat rejection

advantage is significant with respect to

prime mover horsepower, reduced fuel

load or longer burning time.

Missiles go through a growth period

whereby second and third generation

models have greater range, speed and

accuracy, A hydraulic system which
performed satisfactorily on a first gen-

eration missile may be marginal or in-

adequate to meet the operational re-

quirements of later missiles. The heat

rejection savings of the miniature vari-

able pump promises to save a complete

hydraulic system redesign on later

models.

• Rapid response is a critical factor

in missile guidance systems. The mini-

aturized variable pump is capable of

full flow to zero flow response in 0.02

seconds and zero flow to full flow re-

sponse in 0.04 seconds. The pump's
proven stability immediately after a

change in flow and the complete ab-

sence of pressure oscillation will pro-

vide smooth flight control operation

and increased hydraulic line and fitting

service reliability.

The development test program for

the miniature pump involved over 2,500

hours of testing in Vickers component
development laboratories.

One endurance run (shown in Fig-

ure 4) on the variable control mecha-

nism required 1074 test hours to pro-

duce 1 ,000,000 cycles under full flow to

zero flow delivery conditions approx-

imately every four seconds. This and

other endurance tests definitely proved

the durability of the design and estab-
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FIG. 7. Comparison of a variable dis-

placement pump (left) with a standard

constant displacement pump (right).

lished a design life for the new pump
of 750 hours at 8000 rpm, 375 hours
at 16,000 rpm and 50 hours at 24,000
rpm.

Currently, 24,000 rpm is considered

a transient or overspeed condition, but

the 50-hour design life for steady state

operation appears to be attainable.

To date, all applications of the min-
iaturized variable pump have been for

MIL-O-5606 fluid in the operating tem-
perature range of -65° to +275°F.
Other fluids can be accommodated by
changing only the elastromeric seals.

• The practical application of the

variable valving principle has resulted

in a hydraulic power source of ex-

tremely low weight and small size, high

efficiency, and rapid response with equal

or better reliability than its predecessor.

This ideal combination of features

meets the present urgent requirements
of missile hydraulic systems. One such
requirement is a missile motorpump to

power the flight controls for a surface-

to-air missile. It supplies 1.8 gpm at

7300 rpm and weighs only 9.3 lbs.

Figure 5 shows the miniature vari-

able pump used in a proposed auxiliary

power system for a missile now under
development. The requirements for this

power system are to provide 1 kva of

400 cycle AC electrical power and a

hydraulic flow of 4.74 gpm for a dur-
ation of 2.5 minutes.

The system is battery powered and
in addition to the miniature variable

pump, a fixed displacement constant
speed motor, a 1 kva alternator, and
associated circuitry and controls com-
prise the assembly.

Fig. 6 shows a typical motor-pump
combination used in a surface-to-air

flight control system.

Fig. 7 compares a variable displace-

ment pump (left) with a standard con-
stant displacement pump (right) and
illustrates the packaging economy
achieved with the new unit.
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BOLTS
ELIMINATE
MAINTENANCE
HEADACHES

VIEW SHOWS DRIVER BLADE DOVETAIL
LOCKED IN THE GENERATED HI-TORQUE
RECESS.

Write for complete specifications

on the Hi-Torque bolt and other

fine Hi-Shear fasteners.

The Lockheed F-104A, the fastest and

highest flying fighter ever ordered for

tactical utilization by the U. S. Air Force,

became operational for the first time on

February 20, 1958 at Hamilton A. F. B.

after completing one of the most
comprehensive proving programs ever

executed on a military airplane.

Along with many outstanding features, the

Starfighter's "simplicity in design" concept

provides for easy maintenance. For
example, Hi-Torque bolts fasten stressed

access and close-out panels. The Hi-Torque

was selected because of its unique shallow

recess that locks the driver into it when
a high torque load is applied during

installation or removal. This eliminates

the chance of driver slippage which can

damage the recess of a conventional bolt

and impair subsequent usage.

Test proven by Hi-Shear fastener engineers

for strength, elevated temperature and
sealing applications, the Hi-Torque is a

National Aircraft Standard and is readily

available in alloy steel, stainless steel and

titanium materials.

-HI-TORQUE' TRADEMARK REGISTERED IN U S. PATENT OFFICE.

I. S. PATENTS NO. 2.677.965; Z, 745, 120 AND 2,792.039.

PENDING
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TURN
SHIPPING DAYS

TO
PRODUCTION

DAYS
I
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VIA AMERICAN AIRLINES AIRFREIGHT
— your best assurance of careful handling, dependable on -time deliveries

Gain extra days for production with deliveries

in hours by air. You save on overtime as well as

packing and crating costs. For maximum speed

and safety en route, specify American Airlines.

With over 1000 nights daily, American offers

direct one-carrier service to more key industrial

132

areas than any other airline. Personnel—espe-

cially trained in the care of delicate instruments

—offer the best assurance of expert handling

and dependable on-time deliveries. Check your
telephone book now for the number of the

American airlines airfreight office nearest you!
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space medicine

W .-_ by Hubertus Strughold, M.D., Ph.D.

Spotlighting the growing importance of space medicine were two

recent meetings—one a classified session—that brought specialists from

all parts of the U.S. to listen, discuss and learn.

The public meeting was a symposium on "Simulated Atmospheres

and Foreign Environments in Space Operations", conducted during the

annual Washington meeting of the Aero Medical Society. Seven papers

(to be published subsequently in the Journal of Aviation Medicine)

gave an overall picture of human experience in such projects as Man
High, Stratolab; and in submarines, space cabin simulators and pres-

sure suits.

At this session, Dr. Siegfried Gerathewohl, of the Department of

Space Medicine, School of Aviation Medicine, Randolph AFB, Texas,

received the Tuttle Award for his studies on the psychophysiology of

weightlessness, produced in jet airplanes. The studies were based on

more than 2,000 parabolic flight maneuvers flown by Maj. Herbert D.

Stallings.

The "classified" meeting—very well attended, by the way—was a

two-day affair conducted by the National Advisory Committee for

Aeronautics, at Cleveland. Chairman was S. P. Johnston of New York,

director of IAS.

Further details have become available on the paper, "The Star

Ecospheres Within a Radius of 17 Light Years from the Sun," pre-

sented by Prof. Jan Gadomski, director of the Astronomical Observa-

tory of the University of Warsaw, Poland. This paper was on the pro-

gram of last year's Barcelona meeting of the International Astronautical

Federation.

The ecosphere, as described by Prof. Gadomski at the Rome
meeting of the Federation in 1956, represents a zone covering a

certain distance range around the sun in which the radiation intensities

and their effects upon the planetary atmospheres are such that life

on planets found in this zone is conceivable. In our solar system this

zone extends approximately from Venus to Mars.

Prof. Gadomski applied this concept to other stars and came to

the conclusion that of the 59 stars found in this zone, about 16 might
have the properties of being surrounded by an ecosphere. He concen-
trated in his mathematical calculations upon their extensions and
placed the sun, in this respect, in fifth place.

Sirius A possesses the largest ecosphere, followed by Altair,

Prokyon, and Alpha Centauri B. The next star after the sun is Alpha
Centauri A. This paper represents an excellent example of the im-
portance of the borderland between Astronomy and Biology.
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HUNTER
SPACE

H E ATE R S

-4
for mobile
and portable
military shelters

• designed and produced in accord-
ance with military specifications for

space, equipment and personnel heat-

ing requirements.

• 5 basic models — each custom-
engineered for a wide variety of

applications — for ground control

and maintenance equipment in mis-

sile systems, radar, microwave and
radio communication systems, etc.

• BTU/Hour range: from 15,000 to

60,000.

• multi-fuel-burning models; also

models which burn any type gasoline.

• all models air-circulating, thermo-
statically controlled, all designed for
cold starts as low as — 65 °F.

Other Hunter equipment for military
applications: engine beaters; unpow-
ered, instant lighting torches; refrig-

eration units.

for complete
specifications

and details

MH-162 "Hunter Space
and Personnel Heaters"

MH-166 "Hunter
Engine Heaters"

MH-167 "Hunter
Instant Lighting

Torches"

HUNTER
MANUFACTURING CO.
30533 AURORA RD.
SOLON, OHIO

HEATING AND REFRIGERATION SYSTEMS
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Red War Sputniks in the Works?
by Dr. Raymond L. Garthoff

AFTER THE RUSSIANS sent their

first man-made moon skyward, specula-

tion rose on how far they had pro-

gressed on a military satellite. Some
Russian experts in this country claim

the time for achievement of a USSR
war moon is not far off.

Soviet writings on the subject have

mentioned several destructive roles for

such a vehicle in the event of war, from

its obvious use as a reconnaissance

vehicle, jamming station or rocket

launcher to an Orson Wellsian instru-

ment of annihiliation—a platform for

a giant space mirror which could burn

cities, cause typhoons and detonate

munitions factories.

Current Russian silence on even

the possibility of a military satellite

suggests the existence of considerable

Soviet sensitivity over the question.

It is clear from the few apparent

slips in Soviet secrecy that the Soviets

are well aware of the military potential

of a satellite and are pushing such a

program with vigor.

The military mission for an arti-

ficial earth-satellite most frequently

mentioned in the West is ultrahigh-al-

titude strategic reconnaissance. This has

been briefly mentioned in a technical

article on satellites by Prof. Yuri Pobe-

donostov in the official Soviet Air Force
journal Vestnik Flota (Herald of the

Air Fleet) in September, 1955.

This reference to a reconnaissance

satellite was by no means the first. In.

a scientific journal in Leningrad in

1926, the now prominent scientist and
military technologist, V. P. Glushko,

had quoted an even earlier article by
German Prof. G. Oberth as stating that

"one can observe and photograph in-

accessible countries" by means of a

giant mirror mounted on a satellite ve-

hicle.

In December 1947, New Times
carried an article by M. Rubinstein

ridiculing alleged American use of

"Hitlerite ideas" and in particular the

"fantastic" idea of a reconnaissance

satellite. Again, in November 1949 in

New Times, G. Tarle referred to "the

madman Forrestal's idea of an earth

satellite" as "an instrument of black-

mail."

In July 1952, the Soviet Army
newspaper Red Star ran an article in

which the late Secretary of Defense

Forrestal, Dr. Werner von Braun, and

Dr. Joseph Kaplan were reviled for

having written about the possible mili-

tary uses of satellite vehicles to "peep
into other countries as through a key-

hole."

Finally, just before Sputnik was
launched last October, Maj. Gen. Po-

krovsky wrote that satellites have "mili-

tary significance. From them one can
conduct observation of the enemy's

territory." With these few exceptions,

Soviet published sources are not known
to have mentioned satellite reconnais-

sance missions.

Now, by placing their first satellite

in an orbit which swept all of North
America, the Soviets established a

precedent which will permit reconnais-

sance satellites to be similarly orbited

without permitting effective objections.

We, on the other hand, had planned

our satellite orbits to avoid the USSR
in order not to alarm them or give them
grounds for propaganda.

There have been reports that even

the first Soviet satellite had infrared

devices to map the United States for

ICBM targeting purposes. Dr. Alex-

ander Sherban, a Soviet scientist visit-

ing in Yugoslavia last October, con-

firmed that some such operation was
being conducted by the initial Sputnik.

The second possible military use

of a satellite would be bombardment
of targets on the earth by rockets

TEST
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Honeycomb Structures* offer you the
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to-strength ratio, high rigidity and shock and
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EEMCO CONTROLS
operate the

stabilizer

on the new

EEMCO TYPE R-162

SALUTE TO LOCKHEED for putting the new Jetstar Utility Transport into

the air in the record time of 34 weeks! EEMCO also takes pride in having set a

record: the design, development, testing and production of a completely new

stabilizer actuating system for the Jetstar in but 17 weeks after receipt of contract!

The Jetstar's new EEMCO actuating system, EEMCO Type R-162, is capable of han-

dling a total operating load of 15,000 lbs. in tension or compression on both jacks.

It will operate Jetstar's stabilizer many times during an average flight, therefore

hundreds of thousands of operations will be performed during the life of the unit.

Reliability to the extremes of environmental conditions and ruggedness were

prime specifications.

EEMCO's ability to produce these actuating units for Lockheed Aircraft Corporation

in record time is a result of the fact that EEMCO has specialized in the design and

production of aircraft motors and actuators for many years. It makes nothing else.

And because of high ratio of output to weight and the reliability built into all

of its products, there is an EEMCO special motor or actuator on the majority of the

latest missiles and jet aircraft now in production or in prototype stage. Please

note the specifications on this Jetstar component.

Lockheed

Jetstar

SPECIFICATIONS

FOR TYPE R-162 ACTUATING SYSTEM

Voltage: 28-volt DC

Stroke: 8.25 inches

Speed: .3 inch per sec. at maximum load

Maximum Load: 10,500 lbs. on each jack, tension
or compression

Maximum System Load: (both jacks) 15,000 lbs.

Ultimate Load: 50,000 lbs. on each jack, tension
or compression— 100,000 lbs. total

Military Specs: Assembly designed to meet MIL-M-8609,
MIL-A-8064 and MIL-E-5272A

Features

:

1. Jacks are equipped with non-jamming stops.

2. Single power unit drives the jacks at synchronized speed.

3. Jacks are equipped with auxiliary

reduction for a control mechanism.

4. Motor has magnetic clutch and brake.

EM CO)) ELECTRICAL ENGINEERING & MANUFACTURING CORP.
—

—

46 1 2 Wesi Jefferson Boulevard, Los Angeles 16, California • Telephone REpublic 3-0151

DESIGNERS AND PRODUCERS OF MOTORS, LINEAR AND ROTARY ACTUATORS . . . EXCLUSIVELY!



NEW 1E1 BANDPASS FILTER

The new Bulova 1E1 Bandpass Filters give
today's radar microscopic eyes. Shaving the
broad frequency range of returning signals

into tiny segments, they help reconstruct sig-

nals faithfully for maximum information, for

accurate measurement of Doppler effect...

all at greatly reduced noise levels.

With characteristic Bulova precision, band-
widths and insertion losses are closely con-
trolled, so that many filters may be paralleled

to cover an almost unlimited frequency
spectrum.

Now in production for virtually all leading
manufacturers in the radar field are filter

packages of 200 cps bandwidth with cross-

overs at the 1/2 db. point, and with insertion

losses equal to within 0.3 db. from filter to

filter.

Typical specification of a single filter in 10 K.C. spectrum:

Center frequency: 144.400 KC

Lower 1/2 db. point: 144.330 KC

Upper 1/2 db. point: 144.470 KC

Lower 3 db. point: 144.300 KC
Upper 3 db. point: 144.500 KC

40 db. bandwidth: less than 2 KC

Insertion loss: less than 1 db.

Ripple in pass band: less than 1/2 db.

Frequency variation of pass band: less than 10 cps
over temperature range of 0°C. to +70°C.

Size: 2-9/32"W x 2"D x l-3/8"H

Weight: less than 7 oz.

Write today for full information on Bulova's
standard and custom design filters.

WATCH COMPANYULOVA
FAMED FOR PRECISION SINCE 1875

ELECTRONICS DIVISION • WOODSIDE 77 • NEW YORK
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. . . Red Sputniks

launched from the vehicle. Again, there

have been but a few references to this

possibility in Soviet publications. The
first was the following sentence in a

book title The Struggle for Speed,

by the well-known Soviet engineer Boris

Liapunov, published in 1952: "From a

satellite one can control almost the en-

tire planet, firing rockets at any point

on the earth."

It has been charged that America
was interested in using a satellite ve-

hicle for atomic bombardment. The
previously cited 1952 Red Star article

also attacked von Braun for having

said such a vehicle could be used for

launching missiles with atomic war-

heads. "Being obsessed with megalo-

mania," said Red Star, "they dream
of the possibilities of launching from
this artificial moon radar-guided mis-

siles with atomic warheads 'against any

point on the surface of the earth with

fatal accuracy.' This is what the

Yankees are thinking about as they

dreamily look up at the shining stars."

The next reference appeared in 1954

New Times article called "Interplane-

tary Bunk" which said: "This is not the

first time the United States is hearing

ravings about 'artificial satellites' and

interplanetary ships and stations from
which atom bombs could be showered

on parts of our planet to which Wall

Street has taken a dislike. It will be re-

called that a former U.S. Secretary of

Defense, Forrestal, frantically urged the

building of an interplanetary war base

without delay."

In 1956, a Soviet military theoreti-

cian, of total war recommend thinking

in advance about the employment of

artificial satellites of the earth for

atomic bombardment ..." And in

September, 1957, Maj. Gen. Pokrovsky

referred to foreign discussions of pos-

sible military uses of a satellite as in-

cluding "delivery of atomic and hydro-

gen bombs."

Finally, in the only case of direct

Soviet admission of interest, Gen. Po-

krovsky also stated shortly before Sput-

nik was launched: "The question is

raised (sic) on the utilization of arti-

ficial earth satellites for delivery of

atomic bombs prepared for such launch-

ing."

A third possible military use of a

satellite vehicle again involves the mir-

ror idea—the mounting on a satellite

vehicle of a giant mirror to reflect and

concentrate the sun's rays. Gluskko's

1926 article said: "With its aid, one

can detonate munitions factories, pro-

voke whirlwinds and storms, annihilate

marching troops, burn cities, and in

general wreak colossal damage."

missiles and rockets
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TRANSISTORIZED TELEMETERING

f / SUBCARRIER OSCILLATORS

VOLTAGE CONTROLLED OSCILLATOR
with Silicon Transistors for High Temperature Use

Designed for operation from 0°C to 85°C, these Bendix-Pacific oscillators

provide a significant advancement in operational environment, accuracy

and power efficiency. Specified performance at 25G vibration to 2000 cycles

per second is provided. Units are available in all standard IRIG subcarrier

bands from 0.96 kc to 70 kc. Additional performance characteristics are:

Output Voltage: 4.0 Volts rms,Linearity: ±0.75%
Stability: ±1%
Input Ranges: O to +3, O to —3,

O to +5, O to —5,
±2.5 VDC and
±1.5V for ±7.5%
or ±15% deviation

Input Resistance: 250 K, ±5%
Output Impedance: 100 kilohms

open circuit

Typical Operation: Supply: 24 VDC
@ 12.5 ma.
Bias: 30 VDC
@ 1 ma.

Size: 3.125" x 1.565" x 3.85"

Weight: 1.0 lbs.

STRAIN GAGE OSCILLATOR
with Silicon Transistors

These oscillators are used with variable resistance type pickups such as

strain gages, thermistors, etc. with bridge resistance values of 120 or 350

ohms. The units operate over a temperature range from C to +85 C and

will withstand 25G vibration to 2000 cps. They are available for standard

IRIG bands from 1.7 kc through 14.5 kc inclusive. Other specifications are:

Output Voltage: 3.0V rms
open circuit

Typical Operation: Supply: 24 VDC
@ 12.5 ma.

Size: 3.125" x 1.565" x 3.85"

Linearity: ±1.0% of bandwidth
Stability: ±2.0% of bandwidth
Input Ranges: 120 ohm or 350

ohm resistance
bridge. AR/R from
0.25% to 1.0%.

Output Impedance: 100 kilohms Weight: 0.8 lbs.

-100
VOLTAGE REGULATOR
This unit supplies the necessary regulated voltages to operate a maximum

of twelve TOE-100 and/or TOR-100 oscillators simultaneously. Operation

voltages for the regulator can be obtained from AC or DC sources. The

unit is operable in temperature environments of 0°C to 85°C and in vibra-

tion environments of 25G to 2000 cps. Additional characteristics are as

follows: . ...,„
Ripple: 30 Volt regulator: 5 Milli-

volts maximum if driven
from a sine wave source.
24 Volt regulator: 18 milli-

volts maximum if driven

from a sine wave source.

Size: 3.125" x 1.565" X 3.85"

Input Voltages: 70 Volts AC 360
cps to 4400 cps
@ 140 and 40 MA
from separate
sources, or two
separate 50 Volt
DC sources.

Regulation: 30 Volt regulator:
±0.25%
24 Volt regulator:

±1.0% Weight: 0.8 lbs.

PACIFIC DIVISION
"BendiX" Aviation Corporation

EAST COAST: (Eastern Representative) P.O. Box 391, Wilton, Connecticut -Dayton, Ohio: 120 West 2nd- Washington, D C, Suite
:
803, 1701 "K" Street N.W.

CANADIAN DISTRIBUTORS: — Computing Devices of Canada, Ottawa 4, Ontario EXPORT DIVISION: -Bendix International, 205 E. 42nd St., New York 17

May, 1958
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One of a series of reports to help you

make more effective use of Flexon products.

NEWS FROM FLEXONICS

THE FLEXON GIMBAL JOINT
A new approach to absorption of ducting motion in any plane

Flexon Gimbal Joint cutaway to show how it permits motion in any plane yet is self restrained.

To answer a critical motion absorp-

tion problem in the most advanced jet

aircraft and missiles, Flexonics engi-

neers reached back over 500 years.

They took the gimbal principle—the

same one used in the compasses of

Columbus, Magellan, da Gama, et al

—and applied it to a flexible connec-

tor. The result is the Flexon Gimbal
Joint.

Here is a joint designed especially

for the supersonic space age. Its de-

sign recognizes the problems of ther-

mal expansion, installation misalign-

ment, air frame deflection and high

end loads which are so critical in mod-
ern jet aircraft and in missiles and
rockets.

The simple, efficient design pro-

vides a combination of advantages
available in no other type of flexible

connector:

1. Completely self-restrained.

2. Low loads for deflection.

•3. Reduced pressure drop (liners

incorporated )

.

4. Reduced system weight—heavy
anchors are eliminated—simple
line supports are the only re-

quirement.

5. Minimum envelope.

6. Maximum fatigue life verified

by comprehensive laboratory

tests.

Significant, too, is the fact that the

Flexon Gimbal Joint will take motion
in any plane. Joints taking motion up
to 7° have been manufactured and
are in service. The units are made in

high strength corrosion resistant alloys

to meet specific requirements. Sizes

range from 1" through 4".

The Flexon Gimbal Joint can be used
to join a variety of tubing shapes to
make a wide range of connector types.

Engineering Assistance

on Ducting Problems

The Flexon Gimbal Joint is only one
of many Flexonics developments for

the advancement of the science of air-

craft and missile plumbing. Other
products include metal, synthetic and
plastic hose, flexible ducts, liquid oxy-

gen lines, pinned elbows, high pres-

sure ducting and thin wall tubing.

Out of this background has come
unmatched experience proved in

many of the nation's most advanced
aircraft, rocket and missile programs.
This experience is available to help

you in the solution of your most ad-

vanced design problems. Put it to

work!

For factual data right at your finger

tips, write for information on securing

your copy of the Flexonics Engineer-

ing Manual.

For help on specific problems send
an outline of your requirements.

Flexonics Application Engineers will

be pleased to make recommendations.

Flexonics
AERONAUTICAL DIVISION

1414 S. THIRD AVENUE MAYWOOD, ILLINOIS

In Canada: Flexonics Corporation of Canada, Limited, Brampton, Ontario
Also Manufacturers of Rubber and Metal Hose Assemblies • Metallic Bellows • Expansion Joints
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General Electric

Power in a peanut:

General Electric s X-405 Vanguard Engine - -

where it is and how it got there

TO ACHIEVE its specified orbit, the

U.S. IGY earth satellite, launched
by the Vanguard rocket, must attain

an altitude of 300 miles and a velocity

of 18,000 mph.
These requirements demand tre-

mendous power, an examination of the

Vanguard weight breakdown shows. Of
the initial weight of more than eleven

tons at launch, some nine tons are

fuel and oxidizer.

Power is provided in the Vanguard
vehicle by three stages, each driven by
a separate engine. The first stage en-

gine, built by General Electric Corp.,

lifts the vehicle to about 40 miles and
accelerates it to 3,000 mph.

Aerojet-General Corp. supplies the

second stage engine, which raises the

vehicle to the satellite launch altitude

of 300 miles, and accelerates it to

9,000 mph. The final velocity incre-

ment will be supplied by a solid rocket

engine. Allegheny Ballistics Laboratory
and Grand Central Rocket Corp. are

i building units for this mission.

On launching, the Vanguard is

by Louis Michelson*

powered by the GE X405 engine. Pro-

viding 27,000 pounds thrust for about

140 seconds, the engine burns liquid

oxygen and kerosene in its single,

regeneratively-cooled thrust chamber.

The propellants are supplied at high

pressure to the thrust chamber by twin

centrifugal pumps driven by a single

impulse turbine. Power to turn the

turbine is supplied by the decomposi-

tion products of concentrated hydrogen

peroxide. The thrust chamber is gim-

balled to provide thrust vector control.

• Birthplace—The X405 is being

built at GE's Evendale plant at Cin-

cinnati. Here, the company has more
than 6 million sq. ft. of floor space and

a total investment of over $100 million.

Besides manufacturing and assem-

bly capabilities for aircraft gas turbines

and rocket engines, complete laboratory

and testing facilities are maintained.

A computation center, housing IBM
701 and 704 computers, provides a

central source of data reduction.

Rocket engines, such as the X405,

are tested at the Malta Test Station,

near Schenectady, N.Y., operated for

the Air Force by GE. Some 30 sites

for conducting component and systems

tests are maintained, along with com-
plete administration, shop and ware-

house facilities. Hydraulic, chemical

and propellant laboratories provide

services to the rocket engine testing

activities.

The test station was constructed 12

years ago for Army Ordnance and it

has been modernized continuously.

It was here that GE conducted its

rocket engine and missile systems tests

for the Hermes and Bumper projects.

A Bumper missile, launched in 1949,

recently held the published altitude

and velocity record.

• Evolution—During the Hermes
work, GE built and tested the X400
engine, forerunner of the X405. The

''Manager, Rocket Engine Section,

General Electric Corp.
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AEROJET

for

rocket

power:

ARMY'S HAWK

Solid-propellant

rocket engines

for the Army's ground-to-air

HAWK were developed

and are being

manufactured at Aerojet's

Solid Rocket Plant

near Sacramento,

California.

A SUBSIDIARY OF THE GENERAL TIRE & RUBBER COMPANY

Engineers, scientists -investigate outstanding opportunities at Aerojet. (Plants at Azusa and near Sacramento, Calif.)
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. . . vanguard

X400 was overshadowed by X405,

which produces more thrust and burns

longer. In addition, the X405 chamber

is gimballed and a hydraulic pump
drive was added to the turbopump as-

sembly equipment.

The X405 is a liquid bi-propellant

engine. Liquid oxygen and kerosene are

stored in the large first stage tanks,

built by The Martin Co. These propel-

lants are supplied, under a small posi-

tive head provided by helium gas pres-

surization, to the twin centrifugal

pumps. The pumps increase the fluid

pressures tremendously, providing high-

pressure flow to the thrust chamber.

Both pumps and the impulse turbine

are combined in a single turbopump
assembly mounted on pads in the main
thrust structure assembly.

• Fuel Flow—Power to turn the

impulse turbine is provided by decom-
position products of hydrogen peroxide.

The hydrogen peroxide is stored in a

missile tank and forced to the gas

generator at high-pressure by helium.

Both propellant pumps and a

hydraulic power pump are driven

through gears coupled to the main tur-

bine shaft.

From the pumps, the main propel-

lants flow to the thrust chamber,
through a propellant control valve,

through flexible lines, and into the

coolant jacket of the thrust chamber.

Following this jacket, the fuel

spirals upward through helical passages,

through the injector, and into the com-
bustion chamber. This provides a cool-

ant for the combustion chamber and
nozzle, regeneratively cooling the inner

liner and permitting more than two
minute operational cycle. The oxidizer

flows from the pump through a control

valve, a flexible coupling, and then di-

rectly into the oxidizer inlet of the

injector.

In the GE injector, distribution of
oxygen is distributed from a domed
area that covers the entire backplate,

down through spaced slots to concen-
tric grooves. The oxygen flows along
these grooves and supplies the injector

holes.

Fuel enters the injector directly

from the coolant jacket, passes through
radial holes and again enters the con-
centric grooves through a series of slots

or holes.

The radial fuel holes are so spaced
J as to pass between the axial oxygen
feed slots. Particular care must be
taken in design and manufacture of
backplates to prevent cross-leakage

within the backplate, because this al-

most without exception results in cata-

1 May, 1958

Injector head

Turbopump assembly

Turbine drive

Fuel valve

Thrust structure

HoOo control valve

Oxidizer valve

Thrust chamber assembly

Pressure switches Engine control unit
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. . . vanguard engine

strophic failure. Obviously, total pres-

sure drop in the backplate must be

minimized and maintained at a uniform
low level to supply the injector holes

with a uniform pressure. Velocity with-

in the backplate has less obvious but

equally important effects on the dis-

tribution of reactant, and also should

be maintained at relatively low levels.

From the injector, the oxidizer is

sprayed into the combustion chamber,
where it combines with the fuel to pro-

vide the necessary thrust requirement.

• Operation—Engine operation is

initiated by providing power to a pyro-

technic igniter.

When an electrical signal shows

that the igniter is burning, the oxidizer

control valve is opened partially and

the fuel control valve is opened fully.

Propellants, flowing by gravity and the

small positive tank pressure, enter the

combustion chamber and ignite.

Progress in Propulsion
at Marquardt

1 by

Roy E. Marquardt,
J

President

In all of the complex of modern]
weaponry no area affords more chal-

j

lenge than the field of supersonic and

hypersonic propulsion. Here, whereS

the stringent requirements for engine!

weight, size and thrust are creating!

problems of critical consequence, I

Marquardt engineers and scientists!

are making continuous progress.

The supersonic ramjets now being !

produced at our new Ogden, Utah,
J

manufacturing facility provide the!

flight power for the Boeing Bomarcl

interceptor missile. Under John Win-
jj

ter, our chief engineer in power-l]

plants, Marquardt engineers spentfll

many thousand engineering man-||

hours, to make this engine the fastest*

and most efficient air breathinglj

engine in our defense arsenal.

Two Marquardt ramjet engines]!

sustain the flight of the Bomarc afterlj

it is launched vertically into the airjjj

The ramjets provide a range that!

allows the weapon to destroy enemyi

bombers at a far greater distance

than any other missile presently in

use in air defense.

The Bomarc application is only one

of the many propulsion projects now!

underway at Marquardt. Currently

under development are several ad-3

vanced supersonic ramjet engines fori

application on future weapon systems.!

Other activities are advancing!!

man's knowledge of hypersonic pro-M

pulsion, special high energy fuels, andij

Aircraft Nuclear Propulsion.

Engineers and scientists with al

vision for the future are invitea

to investigate the opportunities atj

Marquardt. Address your inquiries to*

Jim Dale, Professional Personnel!

1G552 Saticoy Street, Van NuysB
California.

PUMPED SYSTEM

6AS SPHERE

OXIDIZER TANK

PRESSURE REGULATOR

FUEL TANK

TURBOPUMP

MAIN OXIDIZER VALVE

GAS GENERATOR

MAIN FUEL VALVE

ROCKET MOTOR

Vanguard pump system and turbopump assembly.

TURBOPUMP ASSEMBLY

ma

142



'o Powerpiant Engineers Facing an ENGINEER BARRIER •}£

Marquardt Means Opportunity —The
critical requirements for powerplants of small size

and high power density are offering- new challenge for

engineers and scientists at Marquardt, the company
where an engineer barrier has never existed. Here in

an engineering environment, you will work with a
management that recognizes and rewards the contri-

butions of engineers. Look to your future by looking
to Marquardt, today. Address inquiries to Jim Dale,

Professional Personnel, /^SK
1655* satiny street, marquardt

2

Van Nuys, California. 3 1
AIRCRAFT CO.

Shown here: John Winter, Chief Engineer Povrerplants Sub-Division

ENGINEER | BARRIER—an achievement level beyond which you cannot advance



. . . vanguard engine

Since the oxidizer valve is only

partially open, this low-stage com-
bustion is comparatively low in tem-

perature. Low-stage operation is sensed

by a combustion indicator which sig-

nals the hydrogen peroxide valve to

open fully. Hydrogen peroxide enters

the gas generator, is decomposed into

high-temperature, high-pressure steam

and enters the turbine nozzlebox. The
turbine starts and builds up to full

speed, turning the pumps and providing

high-pressure propellant flow.

The propellants then burn at high-

pressures and temperatures in the com-

bustion chamber, providing full thrust.

Oxidizer flow and mixture ratio is pro-

grammed throughout the starting

sequence by the spring-loaded oxidizer

control valve which opens proportion-

ately to the pump outlet pressure.

Shutdown is accomplished by sig-

naling all three propellant control

valves to close. A pneumatic delay,

built into the fuel valve, prevents rapid

closure and eliminates hydraulic ham-
mer in the fuel lines.

• Looks easy, but—As with other

conventional rocket engines, the X405

looks deceptively simple in design, con-

struction and operation. But a brief re-

view of the main components and their

major design criteria underscores some
of the problem.

Looking first at the turbopump as-

sembly it is found that the fuel and
oxidizer are fed through lines which
are perpendicular to the inlet ports at

the top of the assembly. The fluids then

discharge through tangential outlets on
the periphery of the pumps. Both
pumps are driven, through gears, by a

single-stage impulse turbine wheel.

Both pump shafts and the turbine shaft

are parallel to the engine axis.

Gears and bearings must operate at

extreme speeds, lubricants must stand

up over a wide-temperature range, and
propellant seals must operate reliably.

As expected, development difficul-

ties were experienced in modifying the

X400 turbopump assembly for use in

the Vanguard application. Most of
these troubles were caused by the in-

creased burning time and higher power
output. The lubrication system was
changed to provide more adequate cool-

ing for several of the main bearings—as

a result, the turbopump is now pre-

greased and operates for many cycles

without component changes.

Power to turn the turbine is pro-

vided by the decomposition products of

concentrated hydrogen peroxide. Stored

in a separate tank, the hydrogen perox-

ide is forced by helium through a con-

trol valve to the turbine-drive gas gen-

erator. The hydrogen peroxide valve

must be quick in response and reliable

in operation. Corrosion is a major
problem which can be prevented only

by strict cleanliness in preparation and
storage procedures.

The turbine-drive gas generator

contains a silver-screen bed which acts

as a catalyst on the 90% hydrogen per-

oxide, decomposing it into high-tem-

perature steam. Pressure fluctuation

and low-efficiency problems, encoun-

tered with early units, were solved by

a screen pack redesign and insistence

on extreme care and cleanliness during

the assembly operation.

• Other Solutions—The next major
components are the fuel and oxidizer

control valves. Specific requirements for

individual units are:

1. The oxidizer valve must provide

tight shutoff as well as proportional

control of flow during the start and

shutdown transients. A problem with

similar units is to provide sliding seals

which will operate at the temperature

of liquid oxygen.

2. The fuel valve must open in-

stantly and provide tight shutoff con-

trol. Fuel must be kept from leak-

ing into the pneumatic control sys-

Pacific's Y Globe valves are particularly adaptable to the control

of hard to handle liquids and gases. A wide selection of valve sizes and
trim materials meets varied service application requirements. Straight

flow pattern reduces deflection and turbulance, assuring you high flow

factors with minimum pressure drop. Stuffing box and packing diffi-

culty no longer pose a problem. Packing remains pliable for repeated

cycle operation of the valve giving added assurance of bubble tight

seal — even at extreme operating temperature. Your choice of operators

affords you greater flexibility of operation. Rugged structural members
provide the brute strength to absorb heavy shock under stress.

Whenever the need exists and quality, quantity and time are to be

considered. Pacific can satisfy your specifications for rigid operational

requirements. A Pacific Engineer will gladly analyze your individual

requirement and give you a practical recommendation for desired

results. You will be convinced it was time well spent.

PACIFIC VALVES, INC.
3201 Walnut Ave. Long Beach 7. Calif.

Sales Offices in Most Principal Cities

PACIFIC SOUTHERN FOUNDRIES, INC., Bakersfield, Calif.
PACIFIC PATTERNS, INC.. Long Beach, Calif.

PACIFIC FORGE, INC., Fontano. Calif.
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guidance system experts

through training devices

The guidance system of a missile is critical to its purpose—without the system

—

or without intelligent handling of the system's equipment there is no effective weapon.

The military must train its "unskilled short-term" personnel to operate and
maintain this system—and the question arises . . . How?

Today ERCO is building training devices for this very project. A system which wi'l

permit accelerated, highly specialized training for individual personnel

and teams assigned to the operation and maintenance of the guidance *

system. These ERCO designed devices will quickly, and economically

permit the military to obtain skilled technical personnel with

maximum specialization on a minimum time basis

—

or the term we use "effectivate*" the system.

If you are a contractor and you are in

need of someone to solve the problem of the

"Man-Machine Data Link"— contact us today.

Our leadership in the creation of training devices

has been gained with field proven equipments.

Write to ERCO PLANT, Nuclear Products—

ERCO Division, ACF Industries, Incorporated,

Riverdale, Md. ( Dept. MT.

Effectively Activate

DESIGNED AND BUILT BY K
NUCLEAR PRODUCTS ERCO. DIVISION QCF INDUSTRIES. INC.. RIVERDALE. MARYLAND

AMERICAN CAR AND FOUNDRY • AVION • CARTER CARBURETOR • SHIPPERS' CAR LINE • W-K-M • ADVANCED PRODUCTS
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STRAIGHT TALK TO ENGINEERS
from Donald W. Douglas, Jr.

President, Douglas Aircraft Co., Inc.

Here at Douglas we're involved in a greatly

accelerated missile and space program. This

requires one of the most intensive engineering

and research efforts in our history.

The problems are great ones as we move into

the new dimension of unmanned and manned
space vehicles. They require specialists in almost

every engineering field. But their solution will

result in great benefits not only to our own nation

but to all mankind.

If you're interested in tackling these problems

with us ... in giving your best in an all-out drive

to solve them . . . we're interested in you

!

Please write to Mr. C. C. La Vene

Douglas Aircraft Company, Box 620-R

Santa Monica, California
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tem. Double O-rings are necessary.

The thrust chamber assembly for

the X405 gave the majority of develop-

ment problems. Injector scoring and

inner shell burning were encountered.

On the injector, scoring was evi-

denced by erosion of the individual in-

jector rings to the point where injector

characteristics were sometimes changed.

Inner shell burning was characterized

by local hot spots in which the metal

was burned or melted to an appreciable

depth. It should be noted, however,

that these conditions usually did not

cause static firings to be aborted.

The injector problem was solved

by a careful analysis of the gas dy-

namics conditions, followed by a re-

design of the injection pattern. Stringent

quality control practices assured ad-

herence to the design requirements.

Similar steps were taken with the thrust

chamber. A coolant system redesign

was followed by strict quality control

practices. How well these measures

worked is demonstrated by thrust

chamber assemblies which have oper-

ated for more than 2,100 seconds

(about three times the required total

operating life) without failure.

• Thrust Structure—The X405
thrust structure also presented prob-

lems. It had to be extremely light, yet

strong enough to receive full engine

thrust and provide free thrust chamber
movement within a five-degree half-

angle cone. Early units were modified

to provide the final production item.

In addition, X405 operation de-

pends on several vehicle-mounted and
ground-based components. These are:

1—Pressure switches mounted on
the pump outlet lines monitor pump
discharge pressures and signal propel-

lant exhaustion. This signal is relayed

to the engine through the vehicle con-
trol system.

2—Engine operation during the

critical ignition and starting transient

stages is monitored and controlled by
an engine sequencer. This unit is

mounted in the blockhouse and auto-

matically checks engine parameters,

signalling the next step if valves are cor-

rect or providing for a safe shutdown in

a malfunction.

3—Engine operation in flight and
at shutdown is controlled by the engine

control unit. Strapped to one leg of

the thrust structure, this unit provides
the minimum control needed in flight.

When Vanguard TV2 was launched,
it marked the first time that a large

liquid-propellant rocket was flown suc-

cessfully in this country on its first

attempt.

May, 1958

THE
ELEMENT

OF
GROWTH

Technical growth thrives when two basic conditions are combined:

( 1 ) a complex program that explores new areas of science and

engineering and (2) engineers and scientists whose personalities

demand that their work extend them to the utmost.

Both conditions exist at System Development Corporation.

Now, with significant expansion in progress, several new positions

have been created for engineers to work on advanced computer

input-output equipment, specifically simulation devices, in the

largest man-computer system in the nation.

The position requires at least three years' experience, pref-

erably in a combination of the following fields: electro-optical

equipment, photo-chemistry and circuit design.

You are invited to write for more information or phone col-

lect. Address R. W. Frost, System Development Corporation, 2414

Colorado Avenue, Santa Monica, Calif.; phone EXbrook 3-941 1.

SYSTEM DEVELOPMENT CORPORATION
An independent nonprofit organization, formerly a division of the Rand Corporation
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HIGH FLOW PRECISION HYDRAULIC COM-
PONENT TEST BENCH WITH REMOTELY CON-
TROLLED VARIABLE VOLUME POWER UNIT.

HASKEL
ENVIRONMENTAL

HYDRAULIC
PNEUMATIC

TEST EQUIPMENT

TEST STAND USED FOR PROOF TESTING PNEU-
MATIC MISSILE COMPONENTS PROVIDES AN
AIR DRIVEN WATER CIRCUIT FOR 12,000 PSI
HYDROSTATIC PROOF TESTING AND AN AIR
DRIVEN GAS BOOSTER CIRCUIT FOR 6000 PSI
GAS PROOF TESTING.

For precise testing of air-

borne components and
ground checkout of missile

and aircraft systems.

Custom designed test
equipment built to your
specifications, including
complete environmental
test facilities.

Brochure describing stand-
ard units available upon
request.

missile age

by Norman L. Baker
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• Bomarc funds—Many officials working on the Bomarc weapons

system program feel that the scheduled 5,000 Bomarc missile figure

will never be realized, for lack of funds if for no other reason. For

instance, the launchers, the lowest cost item in the system, would ap-

proach $250-million. A delivery of 5,000 Bomarc missiles with ground

support equipment could easily require a budget of $2.5 billion.

• Explorer III—National Academy of Sciences scientists are hope-

ful that the lifetime of Explorer Ill's orbit is less than that of its bat-

teries. In this case, the transmitters will still be functioning when the

satellite re-enters the atmosphere, transmitting invaluable information on

re-entry temperatures. The cosmic ray measurements by Explorer III is

considerably more valuable than those recorded by Vanguard I or

Explorer I.

• Explorer IV will be a double-satellite, consisting of an instrumen-

tated payload and an inflated aluminum-foil sphere 12 feet in diameter.

Due to its small mass and high reflectivity, the aluminum balloon sub-

satellite will enable scientists to make more accurate density measure-

ments than can be made with present satellites. Also, plans are under-

way to orbit four or five 100-foot spheres for experiments in world-

wide radio transmission.

• Liquid propellants—Die-hard advocates of liquid propellants have

proposed a desperation method for keeping current IRBMs and ICBMs
on "instant retaliation" standby in an effort to prolong the operational

life of these weapons. Air Force officials confirm plans for a continuous

fueling system devised to keep the liquid oxygen supply in "topped-off"

condition. Missiles reportedly can be fired within two minutes after

notification of an approaching enemy missile attack. This promises to

be an excellent market for the liquid oxygen generator manufacturers.

• Talos, the surface-to-air ramjet missile that has at various times

been under the cognizance of all the services, is, for all practical pur-

poses, experiencing a period of suspended development. A member of

the Army missile arsenal since June 1957, the Talos may never reach

operational status. Again, lack of funds plus overlapping capabilities of

sister systems (Nike Hercules and Nike Zeus) may hold further de-

velopment to a minimum until other systems have forced it out of the

picture. Other than the single Talos system at White Sands, only one

other system (which is now in construction for further evaluation pur-

poses) has been considered. This latest system will not be ready until

late fall.

• Saenger proposal—The 30-year-old design proposal of Dr. Eugen

Saenger for launching a manned globe-circling glide rocket from a

rocket sled is finally receiving respectable attention in this country. The

design is now reported to be in the final stages of development.

HASKEL ENGINEERING
& SUPPLY CO.

1236 South Central Avenue
Clendale 4, California

SOME TERRITORIES OPEN FOR REPRESENTATIVES

Circle No. 37 on Subscriber Service Card.
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New FormiCO thermo-insulator

resists hot launching gases

In cooperation with Rocket Fuels Division, Phillips

Petroleum Co., Formica application engineers ap-

plied a modified FF 34 with precise characteristics

for protection against hot gases. The Formica lam-

inated plastics liner protects the steel blast tube of a

new target drone through a time cycle of intense heat.

Formica's research and engineering staff specializes

in developing new and unusual laminated plastics

like this— to meet tomorrow's requirements for

electronic, missile, rocket and automation equipment.

There's no limit to Formica. Its great mechanical

strength and heat resistance can be combined to pro-

duce the "hot strength" now so important. Formica's

many other properties — flame, arc, and chemical

resistance ; sound and vibration dampening — are

equally useful in today's electronic age.

Additional facilities for your new materials develop-

ment are now available in Formica's new resin lab-

oratory and resin manufacturing plant. For complete

information, why not ask your design engineers to

write or wire us for free copies of bulletins 852 - 752

and 584.

Formica Corporation, subsidiary of American Cyan-
amid, 4533 Spring Grove Ave., Cincinnati 32, Ohio

Savevow engineers' time ... use Formica-4,

- the complete laminated plastics service

< fAJVA M I t>

1. Application Engineering 2. Research 3. Fabricating 4. Customer Stock Service

. I-1586R



ANYWHERE A MAN CAN GO
THE NEW AIRCOMATIC® MIGet CAN WELD

mm

Aircomatic MIGet Welding Gun and
Control Panel. MIGet, 200 amperes,
air cooled, handles one-pound reel of

aluminum wire 3/64" to 1/16" and
two-pound reel of hard wire .030"

and 3/64" dia.

• welds all weldable metals

• carries its own reel of wire

• operates up to 50 feet from control panel

-with control panel 100 yards from

power supply

The new Aircomatic MIGet now makes

it possible to weld practically anywhere

a man can reach, climb or crawl.

The MIGet features its own compact,

built-in reel of wire, high portability

and overall light weight. Components

of both the Aircomatic MIGet gun and

Aircomatic MIGet Control Panel are

miniaturized and simplified with sub-

assemblies packaged to be replaceable

as units.

Your welder may not be working in

a crow's nest, but if the job is hard to

reach, he'll reach it more easily than

ever before and do the job faster with

a new Aircomatic MIGet in hand.

Send today for technical literature on

the Aircomatic MIGet. Or call your

nearest Air Reduction Sales Office.

—(AIRCO
Offices and dealers in

most principal cities

Air Reduction Sales Company
A division of Air Reduction Company, Incorporated

150 East 42nd Street, New York 17, N. Y.

On the west coast —
Air Reduction Pacific Company

Internationally —
Airco Company International

In Cuba —
Cuban Air Products Corporation

In Canada —
Air Reduction Canada Limited

All divisions or subsidiaries
of Air Reduction Company, Inc.

AT THE FRONTIERS OF PROGRESS YOU'LL FIND AN AIR REDUCTION PRODUCT • Products of the divisions of Air Reduction Company, Incorporated, include: AIRCO - Industrial

gases, welding and cutting equipment, and ocetylenic chemicals • PURECO - carbon dioxide - gaseous, liquid, solid ("DRY-ICE") • OHIO - medical gases and hospital

equipment • NATIONAL CARBIDE - pipeline acetylene and calcium carbide • COLTON - polyvinyl acetate, alcohols, and other synthetic resins.
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Assess Fuel Binders for

Red Rocket Propellants
Typical fuel-binders which Russia

may be using with extruded ammonium
nitrate propellants are synthetic rubber,

polyethylene or polyvinyls, or the

double-base materials such as nitro-

glycerin or diethylene glycol dinitrate.

The use of double-base materials

blended with ammonium nitrate ap-

pears to be standard for Red artillery

rockets and are probably capable of

giving a specific impulse in the range

230-245 seconds. This homogeneous-
heterogeneous propellant combination
would have a much higher burning rate

than normal straight ammonium nitrate

combinations at the expense of higher

combustion temperatures.

Another disadvantage appears to be

a relatively high temperature sensitivity

Such temperature-sensitivity is believed

to be responsible for the development
of field heaters as seen on the T-5B and
T-5C artillery rockets.

A new extruded, high-burning-rate,

ammonium-nitrate double-base propel-

lant powers two of the USSR's opera-

tional short-range artillery rockets; T-
5B and T-5C. The T-5B is a surface-to-

surface missile with a range of 25 miles.

It is about 31 feet long, has a launch
weight of some 11,000 pounds, and car-

ries a 4,400 pound nuclear warhead.
This missile is carried on a self-

propelled launcher—a KW 85 or Joseph
Stalin II AFV tank chassis. For cold

weather operation, the T-5B is pro-
tected by a wrap-around clam-shell

type heater.

A smaller version of the T-5B is

the T-5C which may use less-tempera-

ture-sensitive propellant since its carrier

has not been widely seen with a protec-

tive heater. The entire missile is smaller

since it carries a warhead of 1100
pounds.

T-5C is about 25 feet long, and has
a launching weight of about 4,400
pounds. The range is believed to be
15-20 miles. It is not known whether
this is a scaled-down T-5B or whether
advances in propulsion and warheads
have allowed a drastic reduction in mis-
sile size.

The small size of the missile allows

a much more mobile system than even
the T-5B. Photos show that the T-5C
is carried by a Type 1955 recon AFV
chassis that is fully amphibious. It is

significant to note that no US artillery

missile of comparable size has been de-

signed for amphibious operations.

In addition to the self-propelled fea-

tures, both missiles have been designed
for airlift use. The use of tank chassis

carriers (in particular, the T-5C) have
given them all-terrain operation. U.S.
missiles are still heavily dependent on
vulnerable road nets.

An Invitation To Join

ORO . . . Pioneer In

Operations Research

Operations Research is a young science, earning recog-

nition rapidly as a significant aid to decision-making. It

employs the services of mathematicians, physicists,

economists, engineers, political scientists, psycholo-

gists, and others working on teams to synthesize all

phases of a problem.

At ORO, a civilian and non-governmental organiza-

tion, you will become one of a team assigned to vital

military problems in the area of tactics, strategy,

logistics, weapons systems analysis and communications.

No other Operations Research organization has the

broad experience of ORO. Founded in 1948 by Dr.

Ellis A. Johnson, pioneer of U. S. Opsearch, ORO's
research findings have influenced decision-making on
the highest military levels.

ORO's professional atmosphere encourages those

with initiative and imagination to broaden their scientific

capabilities. For example, staff members are taught to

"program" their own material for the Univac computer
so that they can use its services at any time they so

desire.

ORO starting salaries are competitive with those of

industry and other private research organizations. Pro-

motions are based solely on merit. The "fringe" benefits

offered are ahead of those given by many companies.

The cultural and historical features which attract

visitors to Washington, D. C. are but a short drive from

the pleasant Bethesda suburb in which ORO is lo-

cated. Attractive homes and apartments are within

walking distance and readily available in all price

ranges. Schools are excellent.

For further information write:

Professional Appointments

OPERATIONS RESEARCH OFFICE
Iowo

I The Johns Hopkins University

6935 ARLINGTON ROAD
BETHESDA 14, MARYLAND
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MEDALIST*
null indicators

READABLE . . . WIDE RANGE SENSITIVITY

Modern MEDALIST design provides far
greater readability and modern styling in

minimum space. Unique core and magnet
structure provides }4 ua/mm sensitivity at
null point with sharp square-law attenuation
to 100 ua at end of scale in Type A. Internal
resistance is 2000 ohms. Other sensitivities
available. ASA/MIL 2 'A" mounting. Standard
and special colors. Bulletin on request.
Marion Electrical InstrumentCo., Manchester,
N. H.. U.S.A.

•T.M. Reg. U.S. Pat. Off. U.S. & Foreign Patems
Copyright © 1958. Marion

marion
meters >^

Circle No. 38 on Subscriber Service Card.

TORQUE WRENCH
MANUAL
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propulsion

engineering

by Alfred J. Zaehringer

Demand for fluorine in rocket propellents is low. It is estimated

that the US produced 39,000 tons of HF in 1957. Most of this goes

into fluorocarbons, high octane gasoline, uranium processing, and some
into elemental fluorine. Best guesstimate is that about 1,000 tons of

F2 was made last year, and most of this went to AEC. About 100 tons

of fluorine have been consumed by NACA, Bell, Aerojet, and Rocket-

dyne. Fluorine availability may take a big jump since there is now
talk of producing this oxidizer directly from the gravel acid grade

fluospar.

Meanwhile, NACA recently released new theoretical perform-

ance figures for the liquid hydrogen-liquid fluorine system. At 600

psia, maximum specific impulse is 381 or 392 depending on whether

frozen or equilibrium composition was assumed (2740-3400 K). How-
ever, a mixture of liquid fluorine and LOX will give better performance

with hydrocarbons than either 100% F2 or 2 . This is due to the pref-

erence of fluorine for hydrogen and the carbon for oxygen.

Future for pyrophoric fuels is good, believes Gulf Research and

Development Corp. about trimethyl aluminum, triethyl aluminum, and

triethyl boron. Advantages for jet aircraft and ramjets are low cost

at high availability, and good resistance to flameout at high altitudes.

Present disadvantages are toxicity and high reactivity with water and

other hydrogen containing compounds.

Boron fuel yet a trickle. A. D. Little estimates that the capacity

of the Air Force (Olin Mathieson) and Navy (Callery) boron fuel

plants total about 3,400 tons/ year. This is only enough exotic fuel

to keep a chemical bomber in the air for about 140 hours. This will

limit use for extra power only (say 25% of flying time).

Ozonides for super solid oxidants? A Swiss chemical journal re-

ports of work being done on the thermodynamics of solid ozonides

such as of trans-stilbene. These ozonides may well be the next step

that will push the solids into the ultra-energy class. Some ozonides

are reportedly quite stable.

Polyurethanes for composite fuel-binders may be replacing the

present standard polysulfide combinations. Rapid cure rate is one big

drawback, says Thiokol; also the new resins offer no overall advantage

over existing polysulfides. Thiokol is producing both resins. Aerojet-

General is also producing polyurethanes which is believed to be going

into some of their new solids. One source states that a polyurethane

solid system has already been tested at an I sp of over 270 seconds.

Scale-up of solid engines poses a new problem. One solid producer

reports that combustion stability worsens with a given propellant as

size increases. Small composition variances magnify burning charac-

teristics in a trend from combustion to deflagration to detonation.

missiles and rockets
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Chart compares Min-K's thermal conductivity with

conventional fibrous insulations and still air. Note
that Min-K's conductivity decreases with altitude.

Johns-Manville announces . .

.

A scientific break-through in missile insulation!

New MIN-K ! has lower conductivity than still air— performs better the higher it flies

• Saves missile space to boost fuel ca-

pacity and range

• Protects instrumentation more effec-

tively to increase accuracy

• Offers lower thermal conductivity

than any known insulating material

• Now performing successfully in

operational U.S. missiles

Min-K is in eveiy meaning of the term
—a scientific break-through!

For in Min-K, Johns-Manville re-

search scientists have developed an
insulating material entirely new in con-
cept, an insulation so effective that its

thermal conductivity is actually below
what was long called the ultimate— the
molecular conductivity of still air.

Increases accuracy and range

With this new low in thermal conduc-

tivity (less than half that of the best

fibrous insulations), Min-K contributes

to greater accuracy by providing more

effective protection of temperature-

sensitive instrumentation . . . increases

range by conserving space for greater

fuel storage.

Insulates better the higher it flies

Unique with Min-K is improved per-

formance at altitude, for its thermal

conductivity drops appreciably as at-

mospheric pressure decreases. At an al-

titude of 10 miles, for example, Min-K's

thermal conductivity is decreased by as

much as 40%, and further decreases at

higher altitudes!

Manufactured by J-M as integral

parts— Min-K insulations are precision

molded to any shape you specify. . . en-

cased in high-temperature metal foils or

laminated to reinforced plastics. Min-K
insulations include a wide variety of

strengths, densities and temperature
resistances.

For detailed information about
Min-K, write Johns-Manville, Box 14,

New York 16, N. Y. (Ask, too, for avia-

tion insulation brochure IN-185A.) In
Canada, Port Credit, Ontario.

Johns-Manville SJSl
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EXCELCO
Builders of more large, thin wall,

high strength solid propellant

rocket engine cases and nozzles

for development purposes than

any other company in Americ.a.

AND MANY OTHER CLASSIFIED PROJECTS

A small experienced organization geared to handle

your development and prototype requirements for

static and flight tests in the shortest possible time.

Call or write

EXCELCO DEVELOPMENTS
MILL STREET • PHONE 1 01

SILVER CREEK, NEW YORK
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Alamogordo . . .

Where Missiles

Bloom In

The Desert

A|RJ0RCE MISSILE
DEVELOPMENT

CENTER

UNITED STATES AIR FORCE

bj' Alfred J. Zaehringer,

Norman L. Baker

Photos by US Air Force.

THE MISSILE DEVELOPMENT
CENTER is situated in the Tularosa

Basin of south-central New Mexico

near Alamogordo. It has grown from

a World War II base built for the

British and used by the Army Air

Corps to train bomber crews, to its

present permanent status. It was here,

in the Northern part of the bombing

range, that the first atomic bomb was

tested in 1945.

Originally named Alamogordo Air

Field, the base was closed for a short

period following the war. It was reac-

tivated when the need for a guided mis-

sile range arose. A detachment from
the Air Materiel Command started to

prepare the new base in March. 1947.

The first rocket was launched on
September 17, 1947. In 1951, the base

became a part of the Air Research and
Development Command. Holloman Air

Development Center was organized

October 10, 1952. In 1957, the name

of the base was changed to the present

Missile Development Center.

When the base was reactivated in

1947, it had a missile range of 64
miles north to south and 38 miles wide.

During that time, the Army Ordnance
built White Sands Proving Ground,
with a range just to the south of Hol-
loman. At first the two installations

worked together, informally schedul-

ing the greatest efficient use of the

combined range— 100 miles long, 40

SUNKEN OBSERVATION blockhouse

dominates rocket acceleration track's end.

Booster storage is in background.

TEST STAND engine mount looking to-

ward water pit used for cooling exhaust

AERIAL VIEW of new 35,000 ft rocket test track. Breech end is adjacent to track LAUNCHING AREA complex: Aerobee

at lower left Track headquarters are housed at right center. Whhe sands at left launch tower, control and tracking van.

May, 1958 '55



THE CITY of Alamogordo, looking South toward El Paso. PERSONNEL ENJOY winter skiing in nearby mountains.

456

miles wide at its greatest extent.

In 1952, the operation of the com-

bined range formed the "Integrated

White Sands Range." Use of the range

is now coordinated by an Army, Navy

and Air Force Committee. In the oper-

ation of the range, the Army prin-

cipally provides ground support; the

Air Force air support.

• MDC in action—In support of

the ARDC mission, MDC conducts re-

search and development of assigned

guided missile systems and compo-

nents; tests and evaluates missile weap-

ons systems, missile operational tech-

niques and associated equipment; and

conducts aeromedical research and

development.

At the MDC location, there are

several launching complexes; a 35,000

foot rocket track; a short deceleration

track; a million pound thrust test stand;

an airfield, tracking stations, and other

related missile equipment.

Construction has been completed

on a new horizontal test stand at

AFMDC. The $510,000 stand, capable

of handling a million pounds of thrust,

was built by the Robert E. McKee
Company of El Paso, Tex.

The stand will test liquid propellant

rocket sled powerplants, and for this

reason, is located adjacent to the new

35,000-ft. Holloman track. The stand

will also test solid units.

The facility is of open-remote con-

struction with concreted revetments for

protection—and heart of the facility

is the stand. To the side of the stand

is an instrumentation and observation

blockhouse of direct-view type. To the

rear of the stand are three propellant

bays. The bay walls are constructed of

reinforced concrete.

Directly in the exhaust area is a

water pit for quenching the rocket

missiles and rockets

J



'MARMAN,

FLUSH LATCH COUPLING

An aerodynamically clean joint

for high speed missiles and
airborne accessory packages.

In a 20" diameter it will with-

stand a proof load of 720,000
lb. ins. bending moment and
1 3,850 lbs. shear.

CONOSEAL
Tubing Joint

Perfect fluid line seal for extreme temperatures and pressures

Certified leakage rate is 3 cubic centimeters per 100 years

For
HIGH PRESSURE
PNEUMATIC SYSTEMS

HYDRAULIC SYSTEMS
EXHAUST SYSTEMS
FUEL SYSTEMS

The Marman CONOSEAL provides metal

gasket compression with the flexibility and
sealing qualities formerly obtained only

through the use of organic seals. Dissimilar

metals can be subjected to extremes of

temperature and pressure with linear deflec-

tions up to Vi6 inch without sacrifice of a

perfect seal. Light weight and low envelope

clearance are plus advantages when the

Marman CONOSEAL Tubing Joint is used.

High compression loading is not required.

Flanges are self indexing for ease of installa-

tion and restraint of shock load.

Marman's engineering department will

analyze your coupling problems and furnish

you with recommendations for the use of

CONOSEAL on your applications.

Available in three different operating

performance ranges —300° F. to +1800° F.

Standard sizes from 1" to 12" O.D. tube

size, with special sizes designed to your

requirements.

DIVISION

=*4eroquip Corporation

AIRCRAFT SALES DEPARTMENT
11214 EXPOSITION BLVD., LOS ANGELES, CALIFORNIA

IN CANADA: AEROQUIP (CANADA) LTD., TORONTO 19, ONT.

*C0N0SEAL is an Aeroquip Trademark. Marman Products are covered by U.S. & Foreign Patents & other Patents Pending

MARMAN DIVISION

Aeroquip Corporation

Please furnish me with
more information on

CONOSEAL TUBING
JOINT

FLUSH LATCH
COUPLING

MR-5

Name

Title_

Company_

Address

City_

May, 1958
Circle No. 135 on Subscriber Service Card.
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McDonnell's Voodoo Jet Sets ^"."S"""'

New Mark, 1207 Miles an Hour »™"r"iS'

Voodoo Beats

British Mark

By 75 MPH

UiUimi II.P.H.

New Speed Record iaSj&fc

Set by Voodoo Jet 3r££§£j

okes Speed Crown y Itfjtg

^Great Britain I'/Jjg/

HH. "Herm" Cole, at 39,

• typifies one of our many
young "old timers", having joined

the firm in 1942, just three years

after it was founded. After varied

experience in airplane design,

Herm was assigned to the Pre-

liminary Design Group of the
XF-88 Voodoo in 1946 upon his

return from Navy service. In
1952, he was appointed Assistant

Project Engineer of equipment
and structures on the F-101A,
later being promoted to Project

Engineer. Presently, he is Project

Engineer for all three versions of

the Voodoo.

The headlines of our nation's

newspapers proclaimed the speed

of the F-101 Voodoo after "Opera-
tion Fire Wall", conducted in late

1957. Herm's entire project organ-

ization deserves special accolades

since it was the F-101A model of

the Voodoo which established the

new world's speed record of 1207
m.p.h. for operational fighters.

1,207 MPH

MARK SET

< BY VOODOO

U.S. Jet Streaks to

World Speed Record

"project F-101
Engineers interested in security

and opportunity will find both at

McDonnell. Good management by
engineers, diversification, excellence

of product, and a controlled growth
have allowed us to achieve a re-

markable record of job stability.

MCDONNELL
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Engineers
Positions of technical leadership
available for:

DESIGN ENGINEERS
(Airplanes, Missiles and Helicopters)

For mechanical, structural, or electrical

design assignments.

MISSILE ELECTRONICS ENGINEERS
For assignments in:

Flight Control Systems
Check Out Equipment

Antenna Design

Electronic Packaging
Guidance Systems

AIRPLANE SYSTEMS ENGINEERS
For assignments in:

Electronic Systems Engineers

Radar—Airborne
Communications

Navigational Systems
(Doppler, Inertial, Dead Reckoning)

STRENGTH ENGINEERS

SR. FLIGHT TEST ENGINEERS

WEAPONS SUPPORT ENGINEERS

THERMODYNAMICS ENGINEERS

SR. TEST ENGINEERS

SR. AERODYNAMICISTS

FLUTTER AND VIBRATION

ENGINEERS

DYNAMICS ENGINEERS

HYDRODYNAMICS ENGINEERS

OPERATIONS ANALYST—MISSILES

Supervisory positions exist in several of

these areas.

Engineers qualified in one or more of the

above fields are invited to write in con-
fidence to:

Raymond F. Kaletta, Dept. C

Technical Placement Supervisor

P.O. Box 5 16, St. Louis 3, Mo.

MACareers Are

Successful Careers!

May. 1958

. . . alamogordo

flame. In addition, the entire test pad
is flooded by a water table and spray

nozzles can saturate the stand itself.

At the other end of the stand, a

large water supply tank and a pump
house are situated. Electrically-operated

pumps that can be emergency-operated

on internal combustion engines, flood

the stand pad and provide the fog

spray.

Installation of recording instrumen-

tation in the blockhouse will complete

the facility which is scheduled to go
into operation this summer.

With one 50,000-lb. LOX-alcohol
sled engine on hand, the stand is be-

lieved to have adequate capacity for

some time to come. A closed-loop TV
circuit (to be installed) will make in-

direct test observation possible. Data
collection instruments consists of six

strip-chart recorders and one 36-chan-

nel oscillograph, plus a time-sequence

recorder.

Center Commander is Brig. Gen.
Daniel E. Hooks. L/C R. L. Sunde is

Base Commander; Col. R. E. Keating is

Chief of Staff and Col. H. S. Judy is

Deputy Commander.

• Projects planned—Current mis-

sile projects include: Falcon, Aerobee,

Matador, Firebee, MB-1 atomic war-

head rocket. Rascal, and the X-7 ram-

jet. Related work will be concerned

with research balloons, ICBM activity,

space biology, auto crash research, and
solar furnace research.

Many units at MDC support the

missile projects, including Air Force

and Army tenant organizations. Some
of these units are the 169th Signal

Company; 3225th Drone Squadron;

AACS; AF Weather Detachment 24;

9393rd TSU Detachment 3; and

9577th TSU.
Civilian contractors are Aerophys-

ics Corp.; Bell Aircraft Corp.; Boeing

Airplane Co.; Convair Aircraft Corp.;

G. L. Martin Co.; Douglas Aircraft;

Hughes Aircraft; Goodyear Aircraft;

McDonnell Aircraft Co.; Northrop Air-

ARDC

Plans

Office

MISSILE DEVELOPMENT CENTER Operations

Research

Office

Center Cmdr.
Deputy Cmdr.
Chief of Staff

General Staff

DCS/Operations

DCS/Materiel

DCS/Personnel

DCS/Comptroller

Directorate of

Ballistic Missile Test

Directorate of

Aircraft Missile Test

Directorate of

Research and Development
6580 Air Base Group

Base Commander

Special Staff

Surgeon
Staff Judge
Advocate

Inspector

General
Chaplain

Information

Services
Adjutant

Procurement Hq.Sq.Sec.
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ectmg black mag
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from a blac

A simple but precise computer is the brain of Hydro-
Aire's famed "Hytrol" anti-skid braking system: a
black box that masterminds the braking operation on
more than 6,000 airplanes now in use.

This successful production experience— coupled with
considerable background in the development and applica-

tions of semi-conductors— has led Hydro-Aire into the

field of highly reliable electronic system components.
Transistorized power supplies, regulators, amplifiers,

oscillators— all of advanced design and thoroughly field

tested— are now available from Hydro-Aire.

Producing Controls for Every Basic Airborne System

BURBANK, CALIFORNIA
Aviation Subsidiary of CRANE

Anti-Skid Braking Systems • Fuel

System Controls • Fneumatic
Controls • Actuation Systems

Electronic Devices
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craft Co.; North American Aviation;

Lockheed Aircraft Co.; Ryan Aeronau-
tical Co.; Radioplane; Land-Air; Mar-
quardt; Bendix; Aerojet-General and
IBM Corp.

A total of about 6,500 are em-
ployed, with an annual payroll of $35
million.

• Climate and Geography—Alamo-
gordo, the nearest town, is just minutes
away on a dual-lane highway. The
town of Alamogordo is on the eastern

edge of the Tularosa Valley—about
three miles from the foothills of the

Sacramento Mountains.

The Tularosa Valley is a closed

basin about 35 miles wide, with the

Organ and San Andres Mountains
forming the western border. The val-

ley extends northward about 50 miles.

The Sacramento Mountains on the

East have a considerable effect on the

climate. The mountains rise abruptly

from the valley to an average elevation

of 7,000 to 8,000 feet, with peaks
above 12,000 feet.

Moisture-laden air from the Gulf
of Mexico is stopped by the moun-
tains, and also tends to shut out the

cold winter air. This gives the valley

floor a desert climate. Due to the ele-

vation of the valley floor (about 4300
ft.), the climate is not unbearable.

The average rainfall at Alamogordo
is less than 10 inches. Some 58% of

the rainfall comes in the summer in

brief but heavy thundershowers. Pro-

longed rainy spells are practically un-

known. Even in the summer, there is

only an average of 3 to 4 days a month
when rain falls one-tenth of an inch.

Fall, winter, and spring are even drier.

Snow does fall during the winter, but

is seldom on the ground for more than
24 hours.

Mean
Tempera-
ture (F)

Jan.

Feb.

Mar.
Apr.

May
June
July

Aug.
Sept.

Oct.

Nov.
Dec.

Max.

55.0

61.6

67.8

76.8

85.1

94.0

94.2

92.7

87.9

77.9

65.1

57.4

Min.

28.1

32.6

37.6

45.5

53.5

62.4

65.5

64.2

58.8

48.1

34.9

29.3

Mean
Precipi-

tation

0.68

0.51

0.40

0.28

0.65

0.60

1.75

1.48

1.48

0.92

0.48

0.50

Average sunshine is 80% , and even

in the winter the sun shines 75% of the

time. Typical of the desert climate,

humidities are low. Relative humidity

ranges from 40% to 65% during the

cool morning hours, and falls to 15%
to 25% in the afternoons. Winds gen-

May, 1958
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what are your
missile power problems?

STARTING ?
Here is a rocket-motor starting

igniter engineered by Beckman &
Whitley. Threads into the

propellant chamber and withstands

its pressure. Arms and disarms

remotely, electrically; provides

status signals, electrical and

visual. How about one to your

specifications?

SEPARATION ?
This tiny guillotine severs

electrical or hydraulic lines

explosively by electrical command

signal, can be equipped with

wide range of squib provisions

— two examples are shown.

Many specialized types with

cutting diameters to 4 in.

have been produced.

What can we do for you?

DESTRUCTION ?
Acceleration-integration mechanisms

in this Beckman & Whitley arming

and firing device are in duplicate for

ultimate reliability. Total arming time

adjustable from 2 to 8 sec. Has

automatic reset, electrical primer

safety switching and return

telemetering circuitry, is adjustable

for acceleration in either direction.

Other types include lanyard and

electrical arm/disarm canister and

primacord destructors. If your problem

is different, let us hear from you.

Pre-packaged explosive power units provide higher

reliability and greater power for a given weight

and volume of space than any other actuation

method. Some of the many other applications to

valving, ejecting, fracturing, etc., may be interest-

ing to you. Just ask us.

INC., SAN CARLOS 16

CALIFORNIA
Circle No. 40 an Subscriber Service Card. 161



now available

MAMMOTH EXTRUSIONS
Big magnesium and aluminum extrusions produced from Dow's 13,200 ton press

A whole new range of king-size dimensions is now available

for design engineers. Dow's new 13,200 ton extrusion press

at Madison, Illinois, is producing "special" sizes for quick

delivery. These projects include work for aircraft and

missiles, automotive, building, and highway construction.

Here's what the big press can do in the way of magnesium

and aluminum extrusions to meet your special requirements.

Check this list:

1. LARGER EXTRUSIONS. Sizes up to a circumscribing

circle of 30"

2. LONGER EXTRUSIONS. Up to 80 feet in length

3. THINNER SECTIONS. Down to 0.125"

4. STEPPED EXTRUSIONS. Solid or hollow

5. COMBINED HOLLOW EXTRUSION-FORGINGS

FOR DESCRIPTIVE LITERATURE on
the big press, contact your near-
est Dow sates office, or write
The Dow Chemical Company, Mid-
land, Michigan, Dept. MA I40IRI-T.

162
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erally average about 10 miles per hour.

• Living Conditions—On-base hous-

ing is improving. A modern Capehart

community of 400 units has been

added and completion is scheduled in

1958. The current Wherry housing

project is being remodeled. In-town

housing compares in price to the East

Coast, and is easy to buy if down-pay-

ments can be met.

Building, evidenced in the housing

developments which have been com-
pleted in town during the past five

years, shows permit valuation of $8,-

674,502 for 1956 contrasting with a

value of $2,297,741 in 1954.

Schools both at AFMDC and in

Alamogordo are good. The MDC base

school is less than five years old; of

masonry construction, and well ap-

pointed. Alamogordo has managed to

keep up construction of schools and
playgrounds, and there is no crowding

either on base or in town.

At AFMDC, there is a medical and
dental clinic, a new commissary and an

Officers Club under construction. Air-

men have a swimming pool; officers

will complete theirs this summer. On
base, there are three TV channels from
El Paso. "Townies" subsist with one
VHF channel.

• Area trends—Alamogordo is the

county seat of Otero County. Cotton,

truck crops and feed are raised in the

valley under irrigation; stock is raised

on the plains and mountains. Consid-

erable fruit is grown in the mountain
valleys. The town has grown from a

population of 6,700 in 1950 to over

19,000 in 1957. School enrollment is

5,500.

Lumbering is prominent in the Sac-

ramento Mountains where several lum-
ber camps are located. Lumber manu-
facturing itself places first on the list

of major industries in Alamogordo in

order of employment significance.

Cattle and sheep ranches dot the

surrounding rangeland—the Mescalero
Indian Cattle Growers Association

alone averages over 2,000 head in sales

each year. Much of the range land on
which cattle were run in the early days

has now been leased by the govern-

ment for use in rocket research and
artillery training.

•Town of progress—Alamogordo is

growing at the rate of about 200 peo-

ple per month. Three churches have
been completed and two are in con-

struction. The city has its share of new
stores and super markets, but many
people still shop by catalogue.

May, 1958

160C
TRANSISTOR
AMPLIFIERS

. . . SUB MINIATURE

Want big service in a tiny space? Our
207S is the answer. 400 G's at 2000
cps., 40 db open loop gain and 20 db
closed loop gain it 0.5 db, — 60° to

+ 160° C, stainless steel case.

World's Most Rugged

PRESSURE TRANSMITTER

TABER TELEDYNE is relatively insensitive

to vibration or shock because of bonded
strain gauge construction. Use with
standard servo indicators, recorders and
controllers to measure liquid or gas
pressures. Handles extremely corrosive
media, including fuming nitric acid.
• Linearity 0.25% • Hysteresis 0.5%
• Ambient temp. — 65° to + 250° F
(—54° to 121° C) • Pressure Ranges:

- 300 to - 10,000 (PSIG).

9 OTHER MODELS
FOR OPERATION

UP TO + 55° C

Easily disassembled for

and parts replace*?

WRITE FOR

ILLUSTRATED

LITERATURE

TABER INSTRUMENT CORP.
Ill Goundry Street Section 217

NORTH TONAWANDA, NEW YORK

Circle No. 41 on Subscriber Service Card.

23 1 NOfiTH ELM STREET,

WATERBURY 10, CONNECTICUT

Deilgn and Manufacture of

Electro.Mechanical. Timing DevlcftJ

Circle No. 42 on Subscriber Service Card.
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problem: design fuel

manifolds to accommodate

gimbal action on the first

stage Vanguard engine

Aeroquip Solved it with

High Performance Hose

and Tube A Assemblies

Aeroquip— leading producer of flexible hose lines AND pre-

cision tubing—was the logical source for the two fuel line

assemblies on the General Electric X-405 engine that powered

the first stage of the Vanguard Vehicle.

Aeroquip 601 Lightweight Engine Hose, used in connection

with tube assemblies, made it possible for the fuel lines to

adjust to the gimbal action of ±5° in either plane to control

the vehicle's direction.

Other Aeroquip products on the Vanguard included High

Pressure Hose Lines for the hydraulic system, and KEL-F Hose

for the safe transfer of nitric acid during fueling.

Years of experience, complete product lines and start-to-

finish engineering service make Aeroquip first in missile plumb-

ing. Use the coupon below to get complete information quickly.

RIG* TRADEMARK .eroquip

Model of the X-405 Engine, showing the Aeroquip Fuel Assemblies.

AEROQUIP CORPORATION, JACKSON, MICHIGAN
AEROQUIP CORPORATION, WESTERN DIVISION, BURBANK, CALIFORNIA

AEROQUIP (CANADA) LTD., TORONTO 19, ONTARIO
AEROQUIP PRODUCTS ARE FULLY PROTECTED BY PATENTS IN U.S.A., CANADA AND ABROAD

AEROQUIP CORPORATION, JACKSON, MICHIGAN — PLEASE SEND LITERATURE AS INDICATED:

] Custom fittings and adapters.
[ j

C

MR-5

2 Large diameter hose lines of i—

i

Teflon tor corrosive fluids. I I

3 Hose lines of Teflon with pat-

ented* "super yem**
Fittings for extreme temper-
atures, all pressure ranges.

4 Large diameter tube forming.

Fuel and oil quick-connect
couplings in accordance with
MM-C-7413A.

Precision tube and hose as- i—

i

semblies. '

—

>

Breakaway self-sealing cou-
plings that separate under

|

predetermined load.

Precislontubeformingcatalog.
[ , ^ _STATE_

KEL-F is M. W. Kellog's trade name fc

**super m>n% 9

fluorocarbon polymers Teflon is Dupont's trade name for its tetrafluoroethylene resin

is an Aeroquip trademark *U. S. Patent Nos. 2,833,567and 2,731,279
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Alamogordo's growth is reflected in

the communications of the city, which

has progressed rapidly in 1957. The
telephone system of over 4,500 instru-

ments was converted to dial on May 4.

The Alamogordo Daily News, the

local newspaper, went to a six-day pub-

lication on April 1. The county weekly,

"The Tularosa Basin Times," went to

press for the first time on March 7.

A second radio station, KRAC, went

on the air in June, joining KALG
which is only seven years old.

Alamogordo now has 660 shops of

all types, with more under construction

continuously. The town offers a met-

ropolitan life to the former big city

dwellers who have come here to work
in rocket research.

However, Alamogordo still main-

tains a small town atmosphere. It still

is enough of a small town to fill the

personal needs of its residents through

the columns of its weekly paper.

Alamogordo is also served by ex-

cellent transportation facilities—daily

service by Continental Airlines, South-

ern Pacific Railroad, truck lines, New
Mexico Transportation Company buses,

and even charter plane service. The
founding fathers in 1898, and their suc-

cessors, never dreamed of the rapid

growth of the town which would fol-

low the explosion of the atomic bomb.

• Recreation—The area is rich in

recreational activities. Just five miles

from the base is the White Sands Na-
tional Monument with 224 square

miles of pure white gypsum dunes.

The rock enthusiast can spend
hours in the various canyons in the

land of the Apache, and he can also

visit Dog Canyon, one of the last

strongholds of the Apaches.

On State Road 83 is Cloudcroft;

with a $100,000 summer resort hotel,

The Lodge. The village boasts the

highest golf course in America, and
air conditioning by nature. Its ski run
is the main attraction in winter.

Indians can be seen at the Mesca-
lero-Apache Indian Reservation at

Apache Summit; where dancing shows
are put on during Puberty Rites. Also,

not to be missed is the Billy the Kid
pageant at Lincoln during August.

And there is always the big town
of El Paso, 80 miles away. Across the

bridge from El Paso is Juarez, Mexico.
Juarez features bull fights; hot spots;

and many shops which carry leather,

jewelry, and liquors, plus gin and rum
for ninety cents a quart and 120 proof

vodka for $1.20 a quart. Other tourist

points include Carlsbad Caverns and
Big Bend Country.

|
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WHATEVER YOUR UHF

ATTENUATION NEEDS...
AT-104: 12 POSITION STEP ATTENUATOR
USING AT-50 ELEMENTS.
DC TO 4000 MC.

Empire's UHF attenuators

are resistive coaxial networks for the

frequency range from DC to 4000

MC.

Accuracy is held to ±>h DB, VSWR
is better than 1.2 to 1. Any attenua-

tion values up to 60 DB are available.

Deposited carbon elements are used

for stability and operations at higher

pulse levels. Standard impedance is

50 ohms, other values upon request.

These units have excellent tempera-

ture characteristics and are vibration

and shock resistant. Standard con-

nectors are type "N", attenuator pads

are also available with type "C".

The attenuators may be obtained as

individual pads (AT-50, AT-60),

or as multi-position step attenuators

AT-103 (six positions) and AT-104
(twelve positions) . For even greater

flexibility, several step attenuators

may be series connected.

For complete technical information

about attenuators for your

laboratory or production needs,

write for free catalog.

A COAXIAL UNIT FROM

EMPIRE DEVICES

WILL MEET

YOUR REQUIREMENTS

AT-103: 6 POSITION STEP ATTENUATOR
USING AT-50 ELEMENTS.

DC TO 4000 MC.

AT-50: ATTENUATOR PAD,

DC TO 4000 MC.

1 W AVERAGE, 1 KW PEAK.

AT-60: ATTENUATOR PAD.

DC TO 3000 MC.

2 W AVERAGE, 2 KW PEAK.

NF.W YORK—MOunt Vernon 4-7530 • SYRACUSE—GRanite 4*7409 • PHILA-
DELPHIA—SHerwood 7-908O • BOSTON—TWinbrook 4-1955 • WASHINGTON.
D.C.—OLiver 4-640O • ATLANTA—CEdar 7-7SOI • DETROIT—BRoadway
3-2900 • CLEVELAND—Evergreen 2-4 114 • PITTSBURGH—ATlantlc 1-9248-
• ST. LOUIS—EVergreen 5.7728 • DAYTON—FUlton 8794 • CHICAGO—
ESterbrook 9-2700 • DENVER—MA In 3-0343 • FORT WORTH—WAlnut
6-4444 • ALBUQUERQUE—ALbuquerque 5-9632 • LOS ANGELES—REpubHe
2-S103 • PALO ALTO—DAvenport 3-4455 • PORTLAND—CAP Itol 7-3830
CANADA: STITTSVILI E, ONT.—HAzeldean 56 • EXPORT: NEW YORK—
MUrray Hill 2-3760

EMPIRE DEVICES
PRODUCTS CORPORATION

AMSTERDAM, NEW YORK
Telephone: Victor 2-8400

manufacturers of

FIELD INTENSITY METERS • DISTORTION ANALYZERS • IMPULSE GENERATORS • COAXIAL ATTENUATORS • CRYSTAL MIXERS

Circle No. 43 en Subscriber Service Card. I 65



• Conductivity equal to that of copper with only

47% of the weight.

• Termination and solderability properties of the best

silver plated copper.

Designed to meet the requirements of the Space Age,

Hudson's missile wire nevertheless is finding valuable applications

in a wide variety of fields.

The manufacture of Hudson's missile wire is typified by
rigid inspection and high standards. Since it is Hudson Made
All-The-Way, from highest quality conductor rods to

finished product conforming to MIL and NAS specifications,

you are assured of the best.

Hudson, with 45 years of silver plating experience,

also makes top quality silver plated copper wire for Teflon*

insulated wire manufacturers. Hudson silver plate is

regarded as the standard of the industry.

When you buy Teflon* wire, be sure to specify Hudson conductors.

Ask our Research Department for advice on any of

your wire problems.

Hudson manufactures Teflon* insulated Hook-Up wire types E and EE

from A.W.G. sizes 10 to 30, in the following constructions:

XC - Silver Plated Copper
XA — Silver Plated Aluminum (47% the weight of copper)
XCW — Silver Plated Copperweld
XSP — Special Construction (to Specs.)
XR — Reinforced Core (provides a sheath of steel wires

over a stranded silver plated aluminum or copper core.)

Phone or Write Hudson NOW!

Member, National Security Industrial Association

sfztTJDSQN WXIFLE COMPANY
Ossining, New York • Tel. Wilson 1-8500 • TWX Ossining 964 • Plants in Ossining, N. Y. • Winsted, Conn. • Cassopolis, Mich.
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missile miscellany

Shell Development Company is working on a fuel that will be immune to

radiation, for use in A-plane's auxiliary power plant . . . Japan has fired two

Kappa-150's with a .500 batting average . . . Canada will build Sparrow II .~
One of the big problems that must be solved before 1,500-mile Polaris is a fact is

the successful fabrication of a 230,000 psi yield strength thin-wall, high-strength

casing for the solid propellant motors . . . This page has had it reconfirmed that

Thiokol "is definitely not out of the Polaris program,"

Soviet Embassy officials in Washington are now peddling the line that a moon
rocket is just a political stunt, that it has no scientific value—they're talking about

probes shot at the moon, rather than the landing of instrumented packages on
the moon. Could mean that they don't plan a moon shot before the U.S. will try

it—sometime this fall . . . Army's moon rocket project's called Juno-II. Ques-

tion. What was Juno-I?

Ten Atlas missiles at their launching site will represent less than 20% of

the total site cost, with 40% for ground support, 10 per cent for spare parts and

30% for technical facilities ... If the President Eisenhower's plan for con-

centrating more money power in the Defense Secretary's hands goes through, look

for interservice rivalry to get even more that way.

This page can't wait to see the result of a plan now afoot for unveiling

a "monstrous big rocket," in which all four services participate, on Armed Forces

day . . . Which is as good an excuse as any to throw one out to the Relativity

experts: What happens to Einsteinian theory when you consider what you would

get measuring the closing gap between two rays of light from two sources in

opposition that were turned on simultaneously—twice the speed of light?

The big Pentagon fuss about m/r's story last month on Subroc turned out

to be a matter of security all right—Navy League security! . . . And the other

day this page happened into National Airport at a time when Wernher von Braun

and John Hagen met in passing—one going and the other coming—and over-

heard one say as they parted: "So long, see you in orbit" . . . Speaking of missile

men, Commander Bob Truax's orders returning him to Washington and the

Navy's Special Projects Office have been cut and approved.

Test of Atlas guidance system is proceeding satisfactorily in an RC-121

Connie at General Electric flight test center in Schenectady . . . Meanwhile, a

new and important science may be developing in what might be called "trace

waves." These would be electromagnetic phenomena of a very low order of power,

study of which is made possible by refinements in detection and filtering cir-

cuitry ... At the same time, word of work on an entirely passive electromagnetic

homing system for missiles, employing the Zenneck wave phenomena.

Seabrook Hull
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ECONOMY AND SPACE SAVING ADVANTAGES

k ty|H' FM

up re manufac-

tured elements in the system include DC amplifiers. SCO.

summers, universal calibrator, calibrator test instrument,

timing system and the discriminator station Hallamore

phase-lock discriminators. Model 0162. reduce subcarrier

frequency information to output data, relatively un-

inefficiency of pulse counting type discriminators.

Designed around a concept entirely new to the telemetry

field, the Model 0162 phase-lock discriminator eliminates

signal suppression by noise, non-linearity by filtering, and

-to-noise levels In addition, the

: occupies less space, reduces over-

all system cost, and assists in the

simplification of operational pro-

cedures For complete specifications

I operational data, write Hallamore

arcs Co., Dept. 87, 83)2

Brookhurst Avenue, Anaheim. Calif.

hMBI
©©€>

hallamore ELECTRONICS COMPANY ( a division of the SIEGLER CORPORATION
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BOIL-OFF LOSSES of low-tempera-
ture liquid fuels for rockets and missiles

have been virtually eliminated by using

high-vacuum jacketed transfer lines.

Pipelines are being used at missile

launching sites because of difficulties

of scheduling truck deliveries and
proper timing of unloading without
creating traffic jams. Presence of

trucks also creates extra hazards, and
the tendency today is to fuel the rocket

through a transfer line from a storage

tank or generator located at a suitable

distance and in an area convenient to

all launching pads.

But piping is a major problem. Un-
insulated lines—first used as a matter

of expediency in getting rocket test

facilities into operation—depend upon
the coating formed by the freezing of

atmospheric moisture for insulation,

rhere is considerable boil-off, however,
during the chill-down period, and in

warm areas where the ice build-up is

tapid, flaking-off also can be pro-

nounced, exposing considerable areas

to added boil-off.

Recently, asbestos, foamglass, cork,

md glass wool have been used for in-

sulation. They are an improvement
aver the natural snow coat on un-
insulated lines but their efficiency is

difficult to assess. However, conven-
tional insulation requires chill-down

seriod and large amounts of the low-

emperature liquid fuel may boil away.
\t some stages of the chill-down pro-

;ess, increasing the thickness of the

insulation may cause more boil-off.

Condensation and resultant freezing
within the insulation can destroy the

insulation's thermal qualities. Use of

vapor seals cause further complica-
tions.

•New development—Research has

resulted in development of high-

vacuum jacketed transfer lines by the

Rochester, N. Y., Vacuum Division of

Consolidated Electrodynamics Corpor-

ation.

Because heat transfer as small as

5.5 to 8 Btu/ft/hr. is possible, CEC
claims that the new transfer lines can

give fuel savings up to 50% over

conventionally insulated lines. Even
greater savings are possible over un-

jacketed lines.

Each section of the fuel bearing

line first is treated on the outside to

reduce radiant heat transfer and then

is surrounded with a vacuum jacket

which is pumped to a pressure of 1

x 10~5 mm Hg or lower. This cuts

both direct and convection heat trans-

fer.

Unusual features of the vacuum-

jacketed transfer lines are the bayonet-

type joints providing positive leak-

proof connections between sections.

The flange in the female joint has

been designed so the "O" ring will be

completely captured. This eliminates

the nuisance of slight jarring, which

might cause the "O" ring to leave

the flange. All mating machined sur-

faces have a 63 micro-inch finish. The

bayonet connection tolerances are

held to 0.0005 inches, when measured

on the diameter.

new ideas . . new equipment

new 125-page catalog

Valves . . . fittings . tubing
. . . pumps . . . compressors
. • vessels . . . gages . . .

shakers . . . quick connect and
disconnect valves and fittings

. . . custom built instruments

. . . pressure balances • - and
pilot plants are all described
and illustrated in the new cata-

log.

The most advanced equipment
available for high pressure

work is described in A minco's
new Catalog K^Z39
Furnished free upon request

AMERICAN INSTRUMENT CO., INC.
8030 GEORGIA AVENUE, SILVER SPRING, MARYLAND
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I EN MILES an hour was "speed" in 1883 when
Wyman-Gordon started to make forgings for the high-

wheel bicycle. Through the 75 intervening years
forgings have made important contributions to the

phenomenal advances in propulsion. Progress from
the first "horseless carriages". . .from the early "fly-

ing machines". . .to the supersonic speeds of today
...would not have been possible without forgings

<><><>

produced by the most advanced techniques of the

day.
Wyman-Gordon is proud of its achievements in

these fields and, as the largest producer of automotive
and aircraft forgings, is prepared to accept the chal-

lenge of the future. Today, as for 75 years, there

is no substitute for Wyman-Gordon quality and
experience.

Wyman-Gordon Company
Established 1883

FORGINGS OF ALUMINUM • MAGNESIUM • STEEL • TITANIUM

HARVEY
WORCESTER
ILLINOIS

MASSACHUSETTS
• DETROIT, MICHIGAN
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world astronautics

by Frederick C. Durant III

From Great Britain comes word that their 2500 mile IRBM, the

Big Feller (sic!), will be used to launch a satellite. This project has been

reported to have "the highest priority."

A letter to The Daily Telegraph after failure of the second (fungus-

bearing) Vanguard began: "Yeast-lovers all over the world will have

been shocked at the news ..."

From Japan, the president of the Japan Astronautical Society writes

that JAS has organized 30 of the 78 Moonwatch optical tracking teams.

As of February, these volunteer groups have turned in 188 observations

of 1957—a (Sputnik I) and 299 of 1957—B (Sputnik II). These re-

ports were made to the Tokyo Astronomical Observatory and radioed

through U.S. Navy channels to the moonwatch center at the Smithso-

nian Astrophysical Observatory.

The Hot Water Jato developed at Forschungsinstitut fuer Physik der

Strahlantriebe at Stuttgart has been so successful that plans are proceed-

ing for a launcher of 440,000 lb/ sec total thrust. Director of the Insti-

tute is rocket pioneer Dr. Eugen Saenger, current president of the

DGRR.

Space Medical Experts exhibited irritation recently at the long lead

time assigned to manned space flight by the Killian Committee. At the

annual meeting of the Aero Medical Association, many privately ex-

pressed the opinion that the committee has been too conservative. Their

conclusion: Space medical problems of man can be reduced to calcu-

lated risks. Cosmic radiation is no longer considered a bar to satellite

nights of a few days' duration. Longer trips—perhaps. Solar flares might

be a serious hazard.

They agreed that effects of prolonged weightlessness posed ques-

tions that may not be adequately answered before man is exposed. In

their words, under extended periods of zero-g: (1) "Would psycho-

logical effects of apprehension, fear and anxiety affect human physi-

ology?" (2) "Can man perform effectively after prolonged periods of

sensory deprivation? Current evidence indicates a six-hour exposure

under conditions of reduced sensory stimulation leads to hallucinations

and possible psychotic reactions." (3) "Will muscle fiber degenerate?"

(4) "Will the reflexes that control homeostasis function normally?" (5)

"Could weightlessness cause panic that may lead to total incapacita-

tion of the subject?"

Special Flights to the Ninth Congress of the International Astro-

nautical Federation (Amsterdam 25-30 August) are being arranged by

The American Rocket Society. Two departure times of these tourist fare

flights are tentatively scheduled: 20 and 23 August. For details, write

IAF Flight, c/o ARS, 500 Fifth Avenue, New York 36.

SOLID
PROPELLANT
ENGINEERS

Advancements in ballistic missile

and space vehicle design have

opened broad new fields for solid

propellant rockets. Space Technol-

ogy Laboratories has challenging

positions in this field for engineers

with five to ten years of experience

in the design and development of

solid propellant rocket engines.

Inquiries regarding these

positions are invited.

SPACE TECHNOLOGY
LABORATORIES

A Division of

The Ramo -Wooldridge Corporation

5730 Arbor Vitae Street

Los Angeles 45, California
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From one of the

nation's largest

manufacturers of

propulsion system

valves...

PILOT ACTUATED VALVE,

3-WAY, NORMALLY OPEN OR CLOSED

Rated Operating Pressure: 4500 PSIG.

Burst Pressure: 7500 PSIG.

Voltage: 18-30 DC.

Connector: Bendix CD 3102-12S-3P.

Leakage: Zero.

Seals: "0" rings compatible with media.

Ambient Temperature Range: -65°F to +250°F.

SHUTTLE VALVE, NON-INTERFLOW

Rated Operating Pressure: 4500 PSIG.

Shuttle Operating Pressure: 15 PSIG.

Leakage: Zero.

Ambient Temperature Range: -65°F to +160°F.

SOLENOID VALVE,

3-WAY, NORMALLY OPEN OR CLOSED

Rated Operating Pressure: 4500 PSIG.

Voltage: 18-30 DC.

Connector: Bendix CD 3102-12S-3P.

Leakage: Zero.

Ambient Temperature Range: -65°F to +160°F.

»72

Precision control of

helium, corrosive liquids,

nitrogen, air, LOXt.and

hydrogen peroxide .. . with

Clary valves

Here are valves that handle all types of gases

and liquids, including hydrogen peroxide..

.

valves that feature zero leakage, choice of

actuation, "0" ring seals, and rated operating

pressures of 4500 PSIG . . . tested, proven valves

ranging in tube size from Vs" to lVfc"!

Here are valves engineered and manufactured

by Clary - the company whose long

experience, outstanding staff, and complete

facilities for extreme environmental conditions

testing, have made it one of the nation's

largest manufacturers of rocket and missile valves.

When precision, reliability and versatility

are factors in your plans, call on

Clary for complete services.

CLARY DYNAMICS
Dept. RM-58, San Gabriel, California

Manufacturer of

business machines,

electronic data-handling

equipment, aircraft

and missile components.

* Under development

missiles and rocketsCircle No. 140 on Subscriber Service Cord.



missile people in the news

Scientists Sub For High School Teachers
Hughes Aircraft Company sci-

entists, attending the Institute of Radio
Engineers meeting in New York,
jsubbed as guest lectures in two high
Schools as part of a "pilot" project

p help advance scientific knowledge
In secondary schools.

Lecture subjects included genera-

tion of microwaves, effects of nuclear

radiation on electronics equipment,
jphysic problems connected with auto-

matic pilots, measuring nuclear radia-

tion dosage absorbed by exposed per-

sonnel, and high polymer in theory
;and practice.

Three years ago Hughes initiated

a similar program on the West Coast
to bring working scientists into the

Classroom to show current applications

[of mathematics, physics and chemistry.

The project is expected to be en-

larged next year with the help of IRE
members from other industries.

Hughes personnel who participated

:are Dr. John W. Clark, manager of

May, 1958

the Nuclear Electronics department,

Physics Research Laboratory; Dr. Sam
Sensiper, director of the Analysis and
Circuits Wave section of Microwave
Tube Department II, Electron Tube
Laboratory; Dr. George Turin, re-

search physicist; Bruce McVey, man-
ager of the Systems Evaluation de-

partment, Airborne Systems Labora-

tory; Joseph Cryden, physicist and
director of the Technical Information

office at Hughes Aircraft Company;
and Max Bart, engineer and chemist.

Careers . . .

William B. Wassell has been named
standards engineer at Chandler-Evans

Division of Pratt & Whitney Co. and
W. Marshall Youmans has been ap-

pointed chief draftsman of the com-
pany. Wassell, who joined Chandler-

Evans in 1950, has been senior de-

signer of the division since 1954. You-

At Monterey, California, in

tech /ops' Research Office, ex-
pansion means a need for:

Applied mathematicians and op-
erations analysts with under-
standing of high speed computer
applications for information
handling; scientists and engi-
neers with heavy mathematics
orientation as project leaders;
senior scientists with Ph. D.s,
backgrounds in mathematics
and physics; and other senior
scientists in OR.

at Monterey, California

OR
at Washington, D.C.

At Washington, D. C, further
tech /ops expansion is creating
a need for:

Mathematical statisticians, Ph.
D. level, with five years' expe-
rience, for research into sen-
sitivity of stochastic games;
mathematicians, Ph. D. level,

with five years' computer ex-
perience, for OR and simulation
of combat operations; and other

senior scientists in OR.

address: Robert L. Roller

TECHNICAL OPERATIONS, INCORPORATED

Burlington, Massachusetts



Variable Pump Design
Breakthrough!~

. . . by D ICKERS

Variable

hydraulic

output

from

constant

isplacement

package

f

NEW MINIATURIZED
VARIABLE DISPLACEMENT
3906 Series Weight . . . 2.4 lb

STANDARD
CONSTANT DISPLACEMENT
3906 Series Weight. . .2.1 lb

48% weight reduction—70% smaller envelope*

12,000 rpm for aircraft applications

18,000 rpm for missile use

24,000 rpm for intermittent duty

9.7 gpm delivery at 24,000 rpm

17 hp (over 7 hp/lb) at 24,000 rpm and 3000 psi

98% volumetric efficiency—92% overall efficiency

Uses proven Vickers 3000 psi rotating pumping
element

Integral automatic pressure compensator

Extremely rapid response

Minimum external sealing elements

Minimum number of moving parts*

Broad range of control methods available

First of a new complete line

Power saving (and heat rejection) advantages of
variable displacement at fixed displacement weight
and envelope.

*Compared to standard 3000 psi Vickers Series PV-3906 variable

displacement axial piston pump.

For further information icrite for Bulletin No. A-5233.

VICKERS INCORPORATED
DIVISION OF SPERRY RAND CORPORATION

Aero Hydraulics Division

Engineering, Sales and Service Offices:

ADMINISTRATIVE and ENGINEERING CENTER
Department 1470 • Detroit 32, Michigan

TORRANCE, CALIFORNIA • 3201 Lomita Boulevard
P.O. Box 2003 • Torrance, California

Performance Characteristics of Model E-0011111 Pump
(PV-3906 -30* Size)
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Curves above show actual performance of new Vickeral
variable delivery pump. Note exceptionally high volumetric
and overall efficiencies throughout broad outlet pressure range.
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Actual test data demonstrating high overall efficiencies even
at partial flows for the new Vickers variable delivery pump.
Note low horsepower loss throughout entire delivery range.



ON IVIARK Quick Disconnect Couplingsmissile people

mans joined the company in 1955 after

serving four years as a designer at

Hamilton Standard in Windsor Locks,

Conn.

Dr. Alfred B. Focke, physicist, has

been appointed chief scientist at the

U.S. Naval Missile Test Center, Point

Mugu, Calif. He will be principal ad-

visor to RAdm. Jack P. Monroe, com-
mander of the center, on scientific and
technical policy, professional civilian

personnel and advisor to personnel of

the test and evaluation facility of the

Center.

James J. Kerley has been appointed

manager of financial analysis for Avco's

Crosley Division, Cincinnati. His most

recent position was manager of forward

program analysis in the controller's

office of Ford's Mercury Division.

Jack M. Beauchamp has been

named director of field service for

the Aerojet-General Corp. Beauchamp
served as regional representative and
district manager of the company's Cus-

tomer Relations office in New York
City.

Anthony J. Krol has been appointed

chief chemist of the Callery Chemical
Co. of Pittsburgh. He will be situated

at the company's new commercial plant

at Lawrence, Kan. He formerly worked
as a group leader in methods develop-

ment, and coordinator for analytical

matters at the company's Research and
Development Division, Callery, Pa.

Alan Borch has been appointed

chief engineer at the Empire Devices,

Inc., Amsterdam, N.Y. He was for-

merly chief, magnetics engineers, of

Emerson Radio and Phonograph's Gov-
ernment Electronics Division.

Capt. Howard Thomas Orville (ret.),

former chief aerologist for the U.S.

Navy, has been appointed vice presi-

dent of Beckman & Whitley, Inc., San
Carlos, Calif. He will assist the Instru-

ment "and Missile Products Divisions

and the board of directors in long-

range scientific and technical planning.

Maj. Gen. Kenneth P. Bergquist

has been appointed ARDC deputy com-
mander for Air Defense Systems Inte-

gration at Andrews AFB, Md. He was
formerly assistant chief of staff, Opera-
tions, Headquarters, U.S. Air Force.

Alfred B. Rossip has been named
as transistor sales manager and Her-

Jman Bloom as components sales man-
jager by the General Transistor Corp.
for germanium and silicon diodes, sili-

con medium power rectifiers and bob-
hinless precision wire wound resistors.

O. Franklin Frost has been named
equipment sales manager for AC Spark
Plug Division of General Motors to

jsucceed K. K. McGarvey, who is going

. . . for use in

aircraft, missile,

and nuclear

reactor fields

Another recent development from ON MARK'S advanced
engineering and production team is the two-inch quick-
disconnect coupling shown above, Part No. 5-8021-32. These
efficient remotely operated couplings are produced for air-
craft, missile, and nuclear reactor applications, as well as
for ground support equipment. These self-sealing couplings
are designed to handle the latest ordinary and "exotic"
fuels up to 800 psi operating pressure.
Pneumatic disconnection and ejection in this ON MARK

coupling is controlled electrically by an integral solenoid
operated valve. They can also be remotely disconnected
by lanyard, pullaway, breakaway, or manual methods
under a full line pressure.
Other ON MARK couplings are produced in sizes ranging

from V4-inch to two inches inside diameter, with sizes up to
ten inches or larger available on special order.

ON MARK COUPLINGS
4440 York Boulevard, Los Angeles 41, California

Telephone CLinton 4-2278

Representatives: C & H Supply Company, Seattle and Wichita; C. F. Russell Company,

Bay Shore, Long Island, N.Y,; Dayton; Fort Worth; Denver; Orlando; Aviation Electric,

Ltd., Montreal. Canada

Circle No. 45 on Subscriber Service Card.

IRCRAFT

Irmaments. INC.
Cockeysville, Maryland

l/ERfATIUW
to meet any

customer requirement

!May, 1 958

MISSILE TRAINING SYSTEMS

A SUBSIDIARY OF UNITED INDUSTRIAL CORP
Circle No. 46 on Subscriber Service Card.
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missiles

men

the missile engineer

He specifies the materials that management buys. He's the

man you want to reach and influence. You can do both in

MISSILES AND ROCKETS because engineers depend on

MISSILES AND ROCKETS for complete editorial coverage

of engineering, news and trends in the swift current of tech-

nical advances in the missile industry.

£1



reach the

missile engineer
in the annual engineering progress issue

of Missiles and Rockets . . . july 28, 1958

Missile engineers look to every issue of MISSILES AND ROCKETS for

vital editorial information, but the Annual Engineering Progress Issue

is especially important because it contains data and progress reports that

will be used for reference time and time again. In addition to the

regular M/R features covering the planning, technological and business

trends of the industry, the ANNUAL will give a complete summary of

progress in the Army, Navy and the Air Force missile programs.

INCLUDES A NEW AND EXPANDED GUIDED MISSILE ENCYCLOPEDIA

The new authoritative Guided Missile Encyclopedia will contain complete

tabulation of data with photographs and names of contractors of every

missile in operation or under development in the U. S. today (as far

as security regulations will permit). The addition of the Encyclopedia

to the ANNUAL assures you of high readership. Last year's Encyclopedia

is now in its fifth reprinting.

MISSILES AND ROCKETS RECEIVES RECORD BREAKING ACCEPTANCE

23,000 paid subscribers demonstrate the acceptance of M/R among missile

men in this multi-billion dollar market. 431 individual advertisers since

M/R began publication in October, 1956 demonstrate the wide acceptance

of M/R as the number one medium to reach this market. Because of

the demand of subscribers and advertisers, M/R will be published weekly

starting July 7, 1958. Closing date for the July 28th Engineering

Progress Issue will be July 7. Contact your nearest regional office for

additional information.

NEW YORK: 17 EAST 48TH STREET— PLAZA 3-1100 • CHICAGO: 139 N. CLARK STREET — CENTRAL 6-5604

CLEVELAND: 1422 EUCLID AVENUE— PROSPECT 1-2420 • DETROIT: 201 STEPHENSON BLDG.— TRINITY 5-2555 • WEST
COAST: S943 WILSHIRE BLVD., BEVERLY HILLS, CALIF.—BRADSHAW 2-6561 • TORONTO, CANADA: ALLIN ASSOCIATES,
12 RICHMOND STREET, EAST— EMPIRE 4-2001 • MONTREAL, CANADA: ALLIN ASSOCIATES, 1487 MOUNTAIN
STREET— VICTOR 5-6898 • LONDON: THE AAP COMPANY, 17 DRAYTON ROAD, BOREHAM WOOD, HERTFORDSHIRE,
ENGLAND, CABLE ADDRESS: STEVAIR, LONDON • PARIS: 11 RUE CONDORCET, PARIS (9E) FRANCE— TRU 15-39

MISSILES AND ROCKETS
AMERICAN AVIATION PUBLICATIONS, INC.
World's Largest Aviation Publishers • 1001 Vermont Avenue, N.W. • Washington 5, D.C.



The Janitrol line of liquid heaters provides versatile

packages ranging in capacity from 90,000 to 1,000,000

Btu per hour. They provide reliable heat— at specified

temperature—for vaporizing or maintaining temperatures

of missile fuels, for instant engine starts in any weather,

windshield defrosting, comfort for personnel, cargo and

equipment protection.

Liquid heater reliability is a result of refinement and

design simplification over a period of ten years of produc-

tion. Proved in Arctic and Antarctic use, they are already

serving in fire crash trucks, prime movers, ice removal

units, and in heating decontamination and cleaning fluids.

We'd like to discuss with you any heat requirements

you have for missile handling and ground support equip-

ment or vehicles— for fuel processing or for protection

of equipment and personnel. Call in your Janitrol

representative.

Janitrol Aircraft Division, Surface Combustion Corp.,

Columbus 16, Ohio.

pneumatic controls • duct couplings & supports • heat exchangers

combustion equipment for aircraft, missiles, ground support

178
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. . . missile people in the news

on special assignment prior to retire-

ment in September. Frost will be in

charge of sales of AC original equip-

ment to GM car divisions and other

manufacturers.

Lt. Col. Louis H. Wilson (USAF-
ret.) has been named to head the newly

activated Colorado Springs, Colo., of-

fice of RCA Defense Electronic Prod-

ucts.

Thomas I. Paganelli, manager of

General Electric's missile detection sys-

tems section, has been named head of

the project team that will supervise

the engineering, production and installa-

tion of a super radar system which will

become part of the overall Air Force

Ballistic Missile Early Warning Sys-

tem.

John M. Welch has been appointed

director of field sales for the Aluminum
division of Olin Mathieson Chemical

Corp. He has been Chicago regional

sales manager for Olin Aluminum.
William A. Ziebell has been named

plant superintendent at Chicago Aerial

Industries, Inc., manufacturers of

avionic and reconnaissance systems and
equipment.

Kevin O'Donnell has been ap-

pointed general sales manager at Steel

Improvement & Forge Co., Cleveland.

G. D. Robertson has been appointed

manager of the Advanced Development
Engineering Department, Government
and Industrial Division of the Magna-
vox Co., Fort Wayne, Ind. Since join-

ing Magnavox in 1953, he has served

as staff engineer, chief sonar engineer

and section chief of communications
and navigation.

Wesley L. Guiles has been named
manager of Flexible Tubing Corp.'s Re-

search, Development and Test Center

at Guilford, Conn.
Murray Kanes, formerly head of

the electromechanical development de-

partment of the Research Laboratories

Division, Bendix Aviation Corp., has

been appointed director of engineering

of the Friez Instrument Division. Dr.
Lloyd G. Mundie has been appointed

by the Systems Division to direct a

research program in the development
of infrared projects.

Edwin A. Speakman, former vice

president and general manager of Fair-

child Engine and Airplane Corp.'s

Guided Missile Division, has been
named to the newly-created post of

manager of planning for Defense Elec-

tronic Products, Radio Corporation of

America. Speakman, who served for

several years as Vice Chairman of the

Research and Development Board, De-
partment of Defense, will be respon-

sible for analyzing military require-

ments, planning new programs and
products, and coordinating short-and

long-range planning for RCA's Defense

Electronic Products.

Three senior members have been

added to the staff of the newly formed
Electronic Systems Division of Dalmo
Victor Co.: Arthur Hartman, produc-

tion superintendent, will be responsible

for all phases of manufacturing, in-

spection, methods and test of electronic

systems, test equipment and subassem-

blies; Cmdr. Irwin R. Colldeweih (USN,

Ret.), engineering coordinator, with re-

sponsibilities for military liaison and
provisioning; Roark Talley, senior elec-

tronics engineer in the Electronic Sys-

tems Division, which currently is work-
ing in the fields of sonar, magnetic

detection, communications, counter-

measures and infrared.

Arthur L. Munzig, Jr. has been ap-

pointed sales manager for the Com-
mercial Division of Librascope, Inc.,

subsidiary of General Precision Equip-

ment Corp. He will direct the sales

and marketing activities of the Libra-

scope commercial electronic and me-
chanical computer components.
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Hyge shock tester takes about 60 seconds to complete acceleration-shock test with up

to 40,000 Ibf. thrust. Hughes Memoscope® oscilloscope retains wave pattern as long

as you like for careful study and comparison with master pattern.

High-g thrusts you can trust

for controlled shock tests

You can produce predictable,

repeatable acceleration-shock

thrusts to 40,000 Ibf. with Hyge

Hyge gives you an amazingly simple way

to simulate actual service conditions for

shock testing small and large assemblies.

Hyge gives you complete control over

all variables. It ends the guesswork in-

herent in such devices as air cannons,

impact hammers, and drop towers.

With Hyge you can accelerate a speci-

men to several hundred g's in just milli-

seconds with exact reproduction of pre-

set half-sine, square, and sawtooth

patterns.

How it works

Hyge is a piston in a cylinder which is

divided by an orifice plate. Using nitro-

gen, you build up a small pressure against

the top of the piston, sealing it to the

orifice plate. You can then build up a

very large pressure against the bottom of

the piston, since you are working against

only the small area exposed by the orifice.

As soon as the pressure against the bot-

tom overbalances the top pressure, the

seal breaks and the whole piston bottom

is exposed to the larger pressure. The

piston is then thrust upwards at a tre-

mendous speed.

Hyge transmits this thrust directly

through a column to a test platform

which rides on deceleration rails. Pre-

selected metering pins control the thrust

pattern, make it infinitely repeatable.

Free bulletin

Bulletin 5-70-A gives you much more

information on the theory and applica-

tion of Hyge, including specifications and

accessories for the HY-6000 Hyge and

the smaller, 10,000 Ibf. Hy-3000.

Moscow briefs

• Food For Men In Space Ships is

now being discussed by Russian ex-

perts. Soviet scientists are considering

various ways and means of feeding

men in hermetically sealed flying suits

without opening these suits, including

"possibilities of man's flight beyond the

atmosphere." They are especially in-

terested in feeding flyers from cans

placed above the flyers' heads, through
tubes leading from the cans to the vi-

cinity of their mouths. Food items dis-

cussed include milk products and fruit

juices, also liquefied meat having the

consistency of a thick chocolate drink.

Russian scientists also mention a spe-

cially prepared mixture of ham, cheese,

and bread squeezed through a tube re-

sembling a tooth-paste tube tightly

fitted into the flyer's helmet.

• A Woman Test Flyer has recently

been glamorized and publicized by the

Moscow press. She is Olga Yamsh-
chikova, a jet test pilot and graduate

of the Zhukovsky Air Academy. She
holds the rank of lieutenant colonel

in the engineering branch of the Soviet

Air Force. Formerly, a combat flyer in

World War II, she has a record of

shooting down several Nazi planes in

battle. After the war she became a

test pilot, and has to date achieved

much success in this specialty. She is

married and has two daughters, the

elder of whom is a student of chemical

engineering. Though well along in

years, Lt. Col. Yamshchikova is ap- i]

parently slated for a yet more spectac-

'

ular service, possibly for supersonic or

space flying. In this connection it may
be fitting to recall that last September,

at a New York symposium of the

American Psychological Association, a
]

view was expressed that the first person

to fly to the moon will be not only a

Russian, but a woman.

• As A Satellite Disintegrates, pre-

cisely what happens to it? The problem

of the satellite's status in its very last

phase of existence is occupying Soviet

scientists. Elaborate comparisons be-
j

tween falling meteorites and falling

artificial satellites are on the Russian I

experts' agenda. The more we learn
J

about the disintegration of such satel-
j

Iites, say V. Krasovsky and D. Okhot-

simsky in PRAVDA, the better would

we be able to understand meteorite :

phenomena "and use the latter for ad-

1

ditional information about the upper

atmosphere."

Because the shell of Sputnik I was

made of aluminum alloys, it could not '

last longer than it did, these Russian

authors say. They add that in the last 1

missiles and rockets
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-Cli-esrfc OA- valves

for Liquid Oxygen-

Safe, Vapor-Tight

Shut-off of

Hard to Handle

Liquid Propellants . .

.

Proven under actual environ-

mental field conditions, these

new Hamer "Vented-Chest"

Gate Valves are contour engi-

neered to provide smooth sur-

faces and clean lines without

objectionable cavities where
contaminating particles are

often encountered. Seal in one

side of wedge only vents chest

of valve to pipeline eliminating

possibility of pressure build up
within the valve. Valves seal

equally well with line flow in

either direction. Air operated

models available.

Integral Body Seat

Integral seat in the body eliminates

threads, welds, cavities as well as

other objectionable surfaces.

Hydrogen Peroxide f^jv/ce

Chevron Packing

Chevron Packing is long lasting,

sure-sealing, expands as pressure

increases to prevent escapage.

Chest Vented to Pipe Line

Seal on one side of the wedge vents

chest to pipeline, thus possible

locked-in pressure build-up in valve

interior is prevented.

Micro-Finish Wedge
Seating surfaces of the wedge are

precision finished to provide an

exacting metal-to-metal fit.

Positive Shutoff Seal

Located in one side of the wedge,

this seal compresses against valve

seat forming an absolute shut off.

Send for these FREE Bulletins ^
MAIL COUPON NOW if

Box 1851—2919 Gardenia Avenue — Long Beach 1, California

58-1

HAMER Valves, Inc.

Box 1851, Long Beach 1, California

Send me Bulletin on Gate Valves for Lox service

Hydrogen Peroxide service

TITLENAME

COMPANY-

ADDRESS

—

CITY
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How to buy

RELIABILITY
In A Precision

Potentiometer

ONLY FAIRCHILD

CAN DELIVER ALL OF THESE

RELIABILITY FEATURES
at the lowest price in the industry!

Welded terminal and taps. A positive elec-

trical and mechanical bond to withstand

high temperatures, shock and "vibration.

Machined metal case for retention of ac-

curacy, especially under high temperature

and/or humidity.

Metal inserts in molded wiper hubs for

positive wiper positioning, for accuracy

under shock, vibration, acceleration.

Precious metal resistance wires where

needed for extremely low noise values,

especially in corrosive atmospheres and

for long storage life.

PLUS 100% inspection AND a separate Qua

100 production units through complete

5. Precious metal contacts for low noise and
high temperature.

6. One piece wiper construction for life, ac-

curacy, low noise and low torque.

7. Stainless steel clamp bands capable of

withstanding high torque, and the stresses

and strains of shock, vibration- and
acceleration.

8. Precision stainless steel ball bearings —
for low torque, high temperature, high

vibration and shock characteristics.

lity Control program which puts 1 out of every

environmental torture tests.

Since the ultimate price of a potentiometer is

directly related to the reliability built into it

. . . you only get what you pay for in a "pot".

Only Fairchild Linear and Non-Linear High

Reliability Pots incorporate all of the above fea-

tures. This High Reliability group can be had

in 7
/s" to 2" diameters, single and multi-turn, in

standard and high temp versions and with ac-

curacies as high as .009%.

For more information write Dept. 11R

"Fairchild's Built-in SAFETY FACTORS
Beyond the Specs for Reliability in Performance

-fft/RGH/LD
CONTROLS CORPORATION

COMPONENTS DIVISION

225 Paik Avenue

Hitksville, LINY
6111 E Washington B

Los Angeles. Cal

Potentiometers • Gyros • Pressure Transducers • Accelerometers

. . Moscow briefs

stage of its existence Sputnik I passed

over uninhabited parts of the Earth and
often could not be observed properly

because of cloudy skies. "We canf
hope," they write, "that Sputnik II and

other subsequent artificial satellites

would prove to be more observable in

the last phases of their existence."

• A Monument to Sputnik I is being

planned by the Soviets. A total of

100,000 rubles (nominally $25,000) has

been appropriated by the government
as prizes for the best memorial projects

celebrating the launching. First prize is

30,000 rubles, second 20,000, and the

third 10,000. The remaining 40,000

rubles are to be used by a jury as io

sees fit, to encourage other deserving

contestants.

The preferred form of the monu-
ment is an obelisk, although other

sculptural or architectural suggestions

may also be accepted. The role of the.

late Soviet rocket pioneer, Constantin

Tsiolkovsky, should be reflected in the

winning projects, according to the rules

of the contest.

The monument will be erected in

front of the skyscraper building of the

University of Moscow in the Lenin

Hills. May 10 is the closing date for

the receipt of submitted projects.

• Visual Observation of Artificial

Satellites is done in the Soviet Union

from 70 stations attached to astronom

ical observatories, universities, and some

teachers' colleges. These are manned by

nearly 3,000 regular staff members and

volunteer students. The results of ob-

servations are promptly telegraphed to

"Moscow, Cosmos," which is the ad-

dress of the central computing office.

For visual observation of satellites, the

Soviets also report their recent con-

struction of "AT-1," a wide-angled

portative telescope with a sixfold'

magnifying power. Each of the 70

watch-stations has 30 such telescopes,

The staff of the Crimean Astrophysical

Observatory of the Academy oi

Sciences is experimenting with the ad

dition of a photo-electric eye to theii

"AT-1." The eye is a photo-elemenl

connected with a precise clock, to auto

matically register the moment of the

satellite's passing.

In Washington, Dr. Richard W
Porter, chairman of the United State:

Earth Satellite Panel for IGY, esti

mated that it would take Soviet sciea

tists eight to twelve months to decod*

and analyze the data collected by th<

two Sputniks. He said that he wai

"reasonably confident" the Russian!

would share such final results witl
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American and other Western scientists.

Studies have been going on at

Gorki's Research Institute to find the

influence of gravity on crystals accord-

ing to m/r sources. Values for both

surface energy and potential energy

within the crystal reportedly have been

derived and may be expected to yield

valuable data for use in rocketry such

as the improved orientation of metal

crystals, improved physicals in solid

propellants, and possibly for gravity

"windows" or shields. The USSR has

already stated that it is working on
gravity propulsion systems.

Nikolai N. Semenov, noted physical

chemist, is reported to be heading up
free radical research at the Chemical
Kinetics and Free Radical Laboratory

in Moscow. Semenov, awarded the

Nobel Prize in 1956 for his contribu-

tions to detonations, chain reactions,

and combustion kinetics, is also Di-

rector of the Institute of Chemical
Physics at Moscow.

There is now direct evidence that

the USSR is producing large, extruded

grains of ammonium-nitrate solid pro-

pellants. In addition to the earlier ex-

tensive studies openly published on the

polymorphic phase changes, the N. S.

Kurnakov Institute for General and
Inorganic Chemistry at Moscow has
now released its studies pertaining to

the extrusion of ammonium nitrate.

I. A. Leskovich has stated that am-
monium nitrate can be transformed

into a metastable state with several

times the plasticity of the more stable

forms. More plastic forms would allow

the use of high oxidizer loadings in

solid propellants (and hence higher en-

ergy) or more compact extrusion equip-

ment.

Atoms for space flight—Latest book
out of Russia's Military Publishing

House (Voyenizdat) includes a chapter

on the possible future use of atomic
energy for interplanetary flight.

Authors of Utilization of Atomic
Motors are G. N. Nesterenko, A. I.

Sobolev and Y. N. Sushkov.

Red eye view—An article in Sovet-
skaya Avtatsia gave special emphasis
to the U.S. missiles, Falcon and Genie.

Author M. Pavlov, a lieutenant colonel

in the Russian engineering troops,

notes that "employment of atomic war-
heads in the air-to-air missiles can con-
siderably increase the effectiveness of

fighter-interceptors against enemy air-

craft carrying atomic weapons."

Reds encourage "good-neighbor"

gh Pressure
Small . . . No Splatter

j£]H1D!ER

. . . permits

bleeding and
o

purging of

hydraulic

systems <v
while pump
and system
are in operation

To confine and direct the discharge

flow during purging of hydraulic sys-

tems is the primary function of the

new Fluid Regulators bleeder valve.

In addition to being extremely small

and light, it features a discharge pore

which may be located any place in a

360° plane for the convenience of the

operator or to meet space limitations.

The new bleeder valve meets the criti-

cal reliability and weight require-

ments of the aircraft and missile

industry and is available as a stock

item for fast, ' 'off-the-shelf
'

' delivery.

The fact that a hydraulic system
equipped with the new bleeder valve

can be bled or purged while in opera-

tion is still another important ad-

vantage.

Plastic or rubber tubing can be slipped

over the discharge nozzle to confine

the discharge flow, thus avoiding
splatter and mess. For visual observa-

tion of the bleeding operation, clear

plastic tubing may be used. No special

tools needed for installation or use.

SPECIFICATIONS:

Application: Any hydraulic system.

MEDIA: Hydraulic oil and other

fluids non-corrosive to cadmium
plating.

Pressure Range: Operating, 3500 psi;

Proof,7000psi;Burst,14,0O0 psi.

Weight: 5
s oz.

Temperature: -65° to +250°F.

Construction: 3/16" OD nozzle;

5/l6"-24 UNF thread to mate
AND 10050-2 port; made of

steel, cadmium plated, per

MIL specifications. Furnished

with one military approved

O-ring for MIL-0-5606 oil.

On special order, this valve

can be furnished in other ma-

terials to handle special fluids.

Write for free detailed literature.

Designers and
manufacturers of

Hydraulic and
Fuel Valves

for Aircraft,

Missiles and Other
Exacting Military

Applications

fluid
J Regulators

CORPORATION
313 GILLETTE ST. • PAINESVILLE, OHIO
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WELDM ENTS FOR MISSILES..
ANY SIZE, ANY ALLOY...
FROM THE JET DIVISION

Some weldments are heavy pieces of beefed-up hardware to

elp put an ordnance-type missile into the air and on target . .

.

Other weldments are created from thin alloy sheets to keep
aircraft-type missile within its weight limitation without

crificing strength . . .

j

The Jet Division produces both types . . . the shapes rolled

from plate and the shapes stamped out of sheet. They can be
nade from either alloy or stainless steel, as well as titanium,

rconium, and other missile-age metals.

Welding techniques include inert atmosphere, shielded arc,

ind conventional methods. Stress-relieving and heat-treatment
urnaces give Jet Division weldments the ultimate in strength.

On your missile project, our design and production ability

lugment your own manufacturing and design facilities. A
ales engineer is available to discuss your requirements at

row early convenience.

J ET DIVISION

Thompson Products, /nc.
Cleveland 17, Ohio

r
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DIALL
FS-4 AND FS-5

...new insulator plastics

hold strength at 500°F
High heat resistance and high insulation resistance are now added to the

superior electrical and structural properties of Diallyl Phthalate materials.

Diall FS-4 and FS-5 behave like Silicones at 500°F, showing excellent

compressive, tensile and flexural strength. Diall can be molded like con-

ventional general-purpose materials.

Two types of compounds are available: FS-4, long-fiber, glass-filled;

and FS-5, short-fiber, glass-filled. Both are meeting applicable Mil. Specs.

Proof of military approval furnished on request.

Write for complete data in Bulletin FS.

MESA PLASTICS COMPANY
11751 Mississippi Ave., Los Angeles 25, Calif.
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CASE HISTORY

FILE...

of answers to MISSILE metal-joining problems 1
.

On the job in many missile projects, EUTECTIC's

Technical Representatives work side-by-side with

engineers solving highly complex metal joining

problems. From these cooperative ventures,

original "EUTECTIC" Research has developed

new alloys specifically for design and prototype

work in missiles, including electronics and

instrumentation.

These very low melting alloys combine high

strength with higher re-melt temperatures —
ideal for precision work on adjacent joints of

dissimilar metals and dissimilar gages. New

Also available FREE . .

.

ISO PAGE WELDING DATA BOOK
of Low Heat Input techniques and alloys.

temperature-indicating EUTECTOR FLUXES for the

"missile metals" are work, time and money-

saving companions to new "EUTECTIC" alloys.

The new "EUTECTIC" Missile Fact File is an

indexed reference of invaluable case histories

that would take an engineering staff years to

acquire. It includes methods of low heat input

to avoid distortion and weakening.

Maintenance of critical tools and equipment.

Send coupon for your FREE copy of this MISSILE

FACT FILE today!

Eutectic Welding Alloys Corporation mr
40-40 172nd Street, Flushing 58. N.Y.

Please send me a free copy of

Missile Fact File 180 Pg. Welding Data Book
(Please check one or both)

i Name_ _Pos..

Plant. Research Laboratory and World Headquarters

EUTECTIC WELDING ALLOYS CORPORATION
40-40 172nd Street, Flushing 58, New York

Company-

Address

City „State_

. . Moscow briefs

Reds—Soviet Journalist V. Ostrovsky,

notes in Literaturnaya Gazeta that

he recently flew over the island of
Fernando de Noronha "where Ameri-
cans have created their military base
to experiment with guided missiles . . .

thus attempting to violate the national

sovereignty of Brazil." He expresses

great satisfaction at Brazilian leftist

protests against American use of the

base to track missiles fired from
Florida.

High-speedcamera—Sovetskaya Avi-
atsia terms "highly successful" recent

Russian experiment with a camera ca-

pable of taking pictures in "millionths-

parts of a second." Tests have included
the recording of air bomb explosions.

Ghost Writer. Komsomols Koye
Znamia, newspaper printed in central

Russia, recently reversed itself on an
announcement to reprint serially an
old science fiction book by Alexander
Beliayev. The Tambov paper said the

author of The Star Called "Kets,"
"has decided to rewrite it; the reason

being that the launching of the two
Sputniks and other latest achievements
of Soviet science have corrected science-

fiction predictions considerably." The
article quoted the author as saying that

he himself was going to rewrite the

book. Author Beliayev died in 1952.

Writing in Sovetskaya Rossiya on
the problem of returning a man to

Earth from a space ship or a satellite.

Prof. A. Shternfeld, well-known Rus-
sian rocket-and-missile expert, says that

the use of a glider may prove to be

the best means of such re-entry. He
explains that a glider can be launched
against the direction of orbit and can
return to Earth on a slowing, semi-

elliptical path.

This statement brings to mind the

recently inaugurated Soviet experi-

ments with T-4 and T-4A, rocket en-

gines now being developed with a

thrust of more than 800,000 pounds to

1 million pounds. This power is ex-j

pected by the Soviets to launch a hyper-

sonic bomber, send it to enormous
heights and around the globe—then

bring it back to its launching site in ai

long glide.

En route back, such a Soviet hyper-

sonic bomber could unload nuclear-

warhead bombs on practically any pre-

selected target.

The difference between the two]

rocket engines is that T-4 is a test

vehicle while T-4A is expected to be a

vehicle in production, possibly by 1959.
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Thunder

of a

1,500 mile

thrust.

Official U.S. Air Force

The very heavens shake with the thunder of

some 135,000 horses as Thor streaks across

the sky at 10 times the speed of sound. De-

signed by Douglas Aircraft to deliver total

destruction to targets as far away as 1,500

miles, Thor represents the Air Force's

striking arm where ground objectives are

concerned. For this surface-to-surface inter-

mediate range ballistic missile, with its

inertial guidance system, RCA has developed

and is supplying electronic units to help Thor

declare its mission: the prevention of war.

RADtO CORPORATION ofAMERICA
Tmk(s) ®

DEFENSE ELECTRONIC PRODUCTS

CAMDEN, NEW JERSEY
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MINIATURE AC-DC MOTORS
When a lot of performance must
be packed into a tiny motor,

America's leading manufacturers

turn over the entire problem to

the Electro-Mechanical Divi-

sion of American Electronics.

Reason: the highest skill-and-

experience quotient available

anywhere in the design and man-
ufacture of miniature motors and
electro-mechanical packages

!

SERVO CONTROL COMPONEN

When one of its standan
components doesn't fit your spec

ifications, the Instrumentation
Division puts its wealth
proven engineering know-how
work. The result is a custom di

sign, precision-produced to

highest quality standards. Man
difficult problems have thus bee
solved: in systems and sue
systems requiring precise indui

tion resolvers, servo motor
motor tachometers.

LECTRONICS,



GROUND SUPPORT EQUIPMENT

Electrical or air-conditioner
ground support equipment for

runway checkout and field serv-

ice? Place the development and
manufacture in the creative-
technical hands of the Electrical
Machinery and Equipment
Division . . . your best assurance
of bug-free design and reliable

performance. Here, too, is your
most dependable source for
magnetic amplifiers, a-c gen-
erators and transistorized power
supplies.

DATA PROCESSING
"What's going on up there?" is

the all-important question in the
unseen world of satellites and
missiles. Data-Tronics Division
provides the accurate answers
permanently — with magnetic-
tape recording systems such as

its new 16-channel instrument.
Here are the most experienced
technologists in magnetic data
recording . . . why not let them
mastermind your systems and
sub-systems?

WRITE OR WIRE for complete information on how any of the above Divisions can serve your particular needs —

!-5, 655 West Washington Boulevard, Los Angeles 15, California



AEROJET-GENERAL
CORPORATION

AVIONICS DIVISION
Offers Outstanding Opportunities

For
ELECTRONICS ENGINEERS

and PHYSICISTS
in the field of

INFRARED DETECTION
• RESEARCH PHYSICISTS

To perform research and develop-

ment on the basic design of infra-

red devices. Should have broad
background of electronics, optics,

and basic mechanical design. Un-
derstand and perform analysis of

infrared equipment. M.S. or equiv.

in physics or electrical engineer-

ing.

• ELECTRONICS ENGINEERS
B.S.E.E. or higher for design, de-

velopment and manufacture (pilot

run quantities) of electronic, elec-

tro-mechanical and optical equip-

ment. Experience in one of the

following: electronic packaging;
missile control and handling sys-

tems; circuit theory; instrumenta-

tion; system test; transistor ap-

plication; printed circuitry; minia-
turization.

• PROJECT ENGINEERS
Minimum 4 years' experience. Ad-
minister and direct programs in-

volving the evolution of electro-

optical-mechanical design and de-

velopment of infrared detection

systems. Responsible for budget-
ing, scheduling and all technical

aspects of these programs. Elec-

trical Engineering degree.

• MECHANICAL DESIGN ENGI-
NEERS
D.S.M.E. or M.S.M.E. to apply
engineering fabrication knowledge
to improve processes, techniques
and tooling. Familiar with air-

borne instrumentation, computers
or other miniaturized electro-

mechanical equipments.
Experience required in one of the
following fields:

ELECTRO-MECHANICAL: Fire
control, servo design, or electronic

packaging. INSTRUMENTA-
TION: Accelerometers, aircraft

control and automation devices.

OPTICAL: Telescopes, interferom-
eters, optical measuring and
computing systems. COMPUTER:
Digital and analog, airborne com-
puter equipment.

• OPTICAL PHYSICISTS-ENGI-
NEERS
For reseach and development on
the design of special optical sys-

tems for use in infrared devices
Background in optical system de-
sign with special optical materials.
Familiar with the techniques of
optical system design, construc-
tion, alignment and testing,

you are cordially invited to
send a detailed technical resume to:

L. L. THOMPSON
AEROJET- GENERAL
CORPORATION

Box 296-J, Azusa, California

A Subsidiary of The
General Tire & Rubber Company

soviet affairs

by Dr. Albert Parry

Our Talk of Rocketing to the Moon before the Russians could get

there has of course elicited a peevish Soviet reaction. Russian air ex-

perts now charge that the Pentagon is planning "the strategy of a mas-

sive blow against the countries of the Socialist camp by using nuclear

weapons from bases on the Moon." In those lunar projects Americans

are "sheer lunatics," says Capt. E. Fedulayev in Sovetskaya Aviatsia.

But, adds the captain rather reassuringly for his readers, these American

plans are being spoiled by the very fact of the existence of the Soviet

ICBM which (writes Fedulayev) "plays havoc with the aggressors' deck

of cards and cools off their superheated heads."

Can Earth Targets Be Hit From Moon Bases? Only a few months

ago the Soviet press ridiculed this notion. But now Krasnaya Zvezda

declares that rockets even smaller than ICBM can hit Earth targets

from lunar bases. This possibility, the Soviet Army newspaper explains,

stems from the Moon's weak gravitational force, being one-sixth that of

the Earth. Krasnaya Zvezda therefore suggests that any East-West

agreements covering control of space-warfare should include provisions

on rocket bases on the Moon.

As To Moscow's Own Moon Plans, neither of the two major Red
projects of nights to or around that celestial body have been publicized

by the Russians recently. Professor G. Chebotarev's famous Operation

Boomerang is hardly mentioned these days.

The Khlebtsevich plan of sending an unmanned "tankette-labora-

tory" to land on the Moon appears to be under similar wraps. This

silence may mean that the Russians are preparing to spring one or both

of these projects as a surprise and a mighty propaganda gain.

However, most recently, Academician Anatoly Blagonravov did say:

"The very next step in astrophysical development is a rocket flight to

the Moon. This perhaps is not too far off." And another Russian rocket-

and-missile expert, Professor N. A. Varvarov, announced that the prob-

lem of flight to the Moon can be solved "even if chemical fuel is used."

Lunar Temperatures have recently been discussed in Moscow. The

Learned Council of the Chief Astronomical Observatory at Pulkovo re-

vealed the results of the first scientific Soviet researches into the prob-

lem of measuring the temperatures of the Moon's surface. The main

report spoke of the important observations made "with the aid of

thermo-elements standing in the focus of mirror-telescopes."

A large radio-telescope was also used in these researches. The sharp

gap between lunar temperatures in the course of a lunar day-and-night

period, as compared with Earth temperatures within our 24-hour

periods, was noted by Soviet scientists. They emphasized that "the

deeper the pits or craters in the lunar surface, the less sharp is this

change in temperatures."

The interest with which the Russians note this last-named circum-

stance may lead them to plan deep burrowing into the Moon's surface

if and when they reach it. Their settlements on the Moon are almost

certain to be underground.
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Why aircraft designers specify Formsprag Over- Running Clutches for maximum torque -minimum weight

More and more, in modern aircraft manufacture, design

engineers find themselves facing this challenging di-

lemma: how to pack more and more performance into

less and less space.

One obvious answer: select smaller, lighter components

capable of bettering bigger component's output. This is

why so many designers are contacting Formsprag when
they have power transmission applications.

They have discovered these vital advantages built into

each truly modern Formsprag clutch: more torque

capacity with less weight providing greater payload than

any other over-running clutch . . . high efficiency . . .

internal design simplicity ... no measurable backlash.

Perhaps you too have a project on which the perform-

ance vs. size problem could be solved by Formsprag

design engineers. Formsprag over-running clutches are

w idely used as component parts of gas turbine starters,

alternator drives, rudder and landing gear actuators,

hoists, and helicopter transmissions. For en-

gineering design assistance simply write

Formsprag Company. Ask. too, for the new
paper titled "Design Considerations for High

Speed Over-Running Clutches".

Over-Running, Indexing and Backstopping Clutches for aircraft, automotive and various industrial applications.

FORMSPRAG CO^VUDP-A-ISrY
IN CANADA: RENOLD CHAINS CANADA LIMITED (BfJpi 23585 HOOVER ROAD, WARREN (DETROIT), MICHIGAN

IN UNITED KINGDOM: RENOLD CHAINS LIMITED Pj|2Pliy
World '

s larSes! exclusive manufacturer of over-running
p|jj«K?jjjHj clutches. Distributors in principal cities. A9-5C
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32-TO-l TAPE SPEED RATIO

includes six standard speeds from V/s to

60 in/sec, giving recording time as long as

12 hours or frequency response as high

as 100,000 cycles per second.

AMPEX PRECISION REELS

in lOVi or 14-inch diameters assure perfect

guidance and winding even on thin

1-mil Mylar* tapes.

UNIFORM TAPE TENSION

from one end of the reel to the other

is assured by newly designed

servo holdback system.

FOUR INTERCHANGEABLE AMPLIFIERS

i available for each track. NRZ digital amplifiers

have been added. Others are Direct, FM Carrier,

and PDM (Pulse Duration Modulation).

DRIFT-FREE AMPLIFICATION

(1% or less on FM carrier) is achieved

by larger blower and pressurized cooling

through each amplifier.

FRONT-ACCESS OPTION

available as a standard modification will

permit recorders to be built in against walls

as in instrument vans, ships, etc.

ACCESSORIES

include footage counters, remote control

panels, rack dollies, head switches, new meter

panels and additional plug-in options.

SPECIFICATIONS

are the most complete and meaningful

:ver published on any instrumentation recorder.

Graphs give performance throughout wide

ranges of conditions and parameters.

And every FR-100A is checked out to equal

or exceed stated performance.

V ««0 3 - ; '0s

II Hit

In
~~~>

- "
"

:"W

FEWEST AMPEX
THE FR-100A

Versatile magnetic tape recorder

for data and control

[ere is certainty for sale— the surest and best answers to

our future data recording and processing needs. Starting

'ith the world's most widely accepted instrumentation

ipe recorder, Ampex has added mechanical and electronic

improvements, new accessories and more modular options,

'he best is made even better in performance, reliability

nd versatility. For technical information, write Dept. B-100 A.

FIRST IN MAGNETIC TAPE INSTRUMENTATION
CORPORATION

| 934 CHARTER STREET REDWOOD CITY. CALIFORNIA

'hone your Ampex data specialist for personal attention to your recording needs. District

'ffices serve the United Slates and Canada. Foreign representatives cover the free world.

. . . book reviews

Space Flight and Satellite Vehicles

by R. B. Beard & A. C. Rotherham,
145 pp. $3.95, Pitman Publishing Corp.,
New York, Toronto, London.

The authors, who are members of

the British Interplanetary Society, have

assembled a kind of space primer for

the "educated layman." The book en-

compasses recent developments and as-

sesses imminent developments which
will carry man into interplanetary

flight.

Illustrated with 27 photographs and
diagrams, subjects covered include basic

principles of space flight, methods of

achievement, our present position, pro-

posed uses of satellite vehicles, and
prospects for the immediate and far

future.

The authors, through analysis of

progress to date, project the space-

flight question as far as 500 years

ahead. Two space vehicles described

as possibilities for interstellar travel by

2460 are the "deep freeze" craft and

the "colony ship." The former, travel-

ling at the speed approaching that of

light, would operate automatically

while the passengers' metabolism rate

is slowed to the point where a journey

lasting several years would age the

travelers only several months.

The colony ship, moving more
slowly, would accommodate a large

number of people over a period cover-

ing several generations.

Rocket Power and Space Flight

by G. Harry Stine, 180 pp. $3.75, Henry
Holt and Company, New York

This book might be subtitled

"Rocket Power Made Easy." Using

simple analogies, the author explains

the basic principles of building and

launching rocket and space vehicles.

The book evolved in answer to the let-

ters to the author during his five years

at the White Sands Proving Ground,

where he was Viking-Aerobee Project

Engineer and head of the Range Oper-

ations Division of the U.S. Naval Ord-

nance Missile Test Facility. Material

from some of Stine's rocketry and space

columns, which appeared in Mechanix
Illustrated, is included in expanded

form. Stine writes in a "folksy" style,

which now and then erupts into dialog

as he dramatizes some of the rocket

launchings.

The book is well illustrated with

diagrams and photographs.

The book includes a world roster

of rocket, interplanetary and astronau-

tical societies; major U.S. corporations'

engaged in rocket research and develop-

ment; colleges and universities engaged

in rocket and astronautical research i
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OUT OF THE SUBS AT SEA
FLY THE AIRCRAFT-QUALITY STEELS* OF . .

4Q|

*P!ate, sheet and strip in alloy and carbon grades

American security depends not clone upon

quantity production of its weapons but

upon utmost variety, ingenuity and quality.

Utilizing long experience, exact steelmaking

controls and modern facilities and methods,

Acme-Newport specializes in such essentials

as aircraft-quality alloy and carbon steels

in plate, sheet and strip, including the

important chrome-molybdenum AISI 4130

type. For many parts of planes, guided

missiles and Jatos, prime and subcontractors

employ Acme-Newport's clean, sound, chem-

ically accurate steels,which always respond

properly to heat treatment. You can get

dependable service and uncompromising

quality by making Acme-Newport your

regular source of supply.

* COMPANY
NEWPORT, KENTUCKY

A SUBSIDIARY OF jcTPPT COMPANY
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TECHNICAL REQUIREMENTS

SPECIALISTS

The Denver Division of the

Martin Company has positions

available for technical require-

ments specialists who will prepare

and analyse performance and de-

sign parameters for advanced
weapon systems based on infor-

mation from customer, research,

industry, etc.; assess future state

of the art; develop system re-

quirements and proposal content.

One man must have special knowl-
edge of operations analysis, an-
other of propulsion requirements
and the third of space mechanics
requirements. All three men must
have system familiarity with all

other major sub-components. Four
to eight years experience in the

missile or rocket fields is required.

Interested and qualified candi-

dates are urged to send a resume
complete with education, work ex-

perience (including details of work
for which candidate was person-

ally responsible) salaries earned
and professional ambitions to:

DAVID POTTER J-2 DIV.
MARTIN-DENVER

PO BOX 179

DENVER 1, COLORADO

CHRISTIE

SILICON
POWER

RECTIFIERS

Available in Industrial

and Military types. Mili-

tary type meets specs

MIL-E-4970 and MIL-1-

6181. Other stationary

and mobile styles avail-

able up to 1500 Amps.

For

Missile

Testing

and general use

30 to 300 Amps

• Closely

Regulated

• Fast Response

• Underwriters

Approved

• Rigid Quality

Control

Write for

Bulletin

AC-58-A

CHRISTIE ELECTRIC CORP.
Dept. MR, 3410 W. 67th Sr., Los Angeles 43

Over o Quarter Century of Rectifier Manufacturing
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book reviews

and development; and U.S. guided mis-

sile test ranges.

It is an adequate book for the be-

ginning engineer, providing a back-

ground in rocketry that is easy and
quick to digest.

Boundary Layer Effects In Aerody-
namics

National Physical Laboratory, Middlesex,

England; $12, Philosophical Library, Inc.,

New York

Personnel engaged in aerodynamic

research will find this volume of in-

terest. The text is a collection of

papers presented at a National Physi-

cal Laboratory symposium.

The papers deal with 50-year

progress in the field of aerodynamics,

and with problems of boundary layer

flow.

The process of transition from

laminar to turbulent flow is of par-

ticular interest; also of interest is the

current knowledge of shock-wave and

boundary layer interaction.

Other topics include three-dimen-

sional boundary layers; the stability of

flow over swept wings; profile drag cal-

culation of two-dimensional aerofoils

for supersonic speeds; and effects of

shock-induced separations of turbulent

boundary layers in transonic flow.

High-Speed Aerodynamics

by Prof. Elie Carafoli, 710 pp. $15, Per-
gamon Press, Inc., New York

High-speed aerodynamic phenome-
na, including both subsonic and super-

sonic flows, is presented in this English

translation of the Romanian volume,

Aerodinamica Vitezlor Mari.

The author gives a physico-mathe-

matical introduction to simplify the

presentation and to assure a readier

understanding of several transforma-

tions. The fundamental problems of

the flow of compressible fluids have

been studied—with special emphasis

on the speed of sound in establishing

equations of motion.

The one-dimensional subsonic and
supersonic flows in stream-tubes and
nozzles is applied to wind tunnels. The
book concentrates on the study of sub-

sonic two-dimensional flows, and flows

around bodies of revolution. The su-

personic flows study includes analysis

of two-dimensional and axial-symmet-

rical motion, both in the hypothesis of

small disturbances and in the applica-

tion of methods to practical problems.

Satellites And Spaceflight

by Eric Burgess, 159 pp. $3.95, The Mac-
millan Company, New York

This prolific author (Rocket Pro-

TEMP-R-TAPE

NeW-.002,"2750v/m

pressure-sensitive tape

for 500° F operation

New TEMP-R-TAPE C, Teflon* film
with pressure-sensitive, thermal curing
silicone adhesive is only .002" thick over-
all, has 2750 v/m dielectric strength,
-100°F to 500°F (-70°C to 260°C)
temperature range. Easy-to-apply, it

presses in place on any surface and
can be cured to form permanent bond.
Send for data on TEMP-R-TAPE C
and CHR's other extreme temperature
tapes. *duPont TM.

CONNECTICUT
HARD RUBBER

407 East St., New Haven 9, Conn. SPruce 7-3631
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GABB

FC-3500

Jg^~~--^UNt^\^

194

TANK FILLER CAP

The Model FC-3500 is the first tank

filler cap to successfully pass all test

requirements of MIL-C-7244B (ASG)
applicable to fuel, oil, alcohol-water

and hydraulic reservoirs.

Lever action design permits cap to be
opened safely under pressure and
removed completely with only a 35° turn.

Now available in 1.5, 2, 3, and
3.82" openings.

Write for free literature.

GABB SPECIAL PRODUCTS Inc.

. WINDSOR LOCKS, CONN.
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reat advances in design . .

.

NEED THE ADVANCEMENT IN

WEAR RESISTANCE PROVIDED BY

FLAME -PLATING BY LiNDE

Lockheed's F-104A Starfighter, newest weapon of
the Air Force, is the most advanced airplane of

its type. To give them the greatest possible resist-

ance to extreme conditions, bearing surfaces ( ar-

rows) of hot air valves used in the F-104A are

Flame-Plated with tungsten carbide. Flame-Plat-

ing provides the wear-resistant coating needed to

withstand the high unit loading and temperature
extremes jet plane parts undergo.

Stratospheric altitudes . . . supersonic

speeds . . . extreme temperatures subject

jet plane parts to almost incredible

conditions of heat and abrasion. To assure

perfect operation in all circumstances, bearings

of hot air valves in the Starfighter are Flame-Plated.

A tungsten carbide coating, applied by Linde's

unique method, is the only material tried that

successfully eliminated galling and provided a low
coefficient of friction over the required service life of the part.

With the part Flame-Plated, practically no wear occurred.

This Linde process is now a regular production procedure.

Flame-Plating is LlNDE's special process for protecting metal
parts from wear, abrasion, and fretting corrosion. Tiny particles

of tungsten carbide or aluminum oxide are literally blasted onto
the metal surface. Since the temperature of the part being coated

seldom exceeds 400 degrees F., there is little or no risk of changes
in its shape or metallurgical properties. Flame-Plated coatings

can be applied from .002 to .010 inches thick, and used as

coated or finished to 0.5 microinches rms. Practically all metals
can be Flame-Plated— aluminum, magnesium, molybdenum,
titanium as well as copper and steel.

Your own design may be improved by Flame-Plating. Find out

how, by writing for a copy of the booklet "Flame-Plating," F8065.
Address Flame-Plating, Dept. ML-5. Linde Company, Division of

Union Carbide Corporation, 30 East 42nd Street, New York 17, N. Y.

In Canada: Linde Company, Division of Union Carbide Canada Limited.

TRADE-MARK

Tlie terms "Lin
are registered ti

and "Union
marks of V

Carbide"
lion Carbide Corporation.
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Problem: Provide insulation against fantastic

extremes of temperature

Solution: R/M PYROTEX

REINFORCED PLASTICS

Insulator cap, blast tube and grain seat for modern rocket

When you are designing to meet the fantastic

requirements of modern missiles and rockets

with their tremendous forces and astounding

temperatures, your problems are difficult

ones. But you have an excellent solution:

R/M Pyrotex—a complete line of asbestos-

base reinforced plastic materials.

The Pyrotex products shown here demon-
strate what these important new R/M mate-

rials can do for you. They provide excep-

tionally high strength-to-weight ratios, take a

smooth finish, and can be mass produced to

precision standards. Other missile parts for

which R/M Pyrotex has been selected: rocket

exhaust throats, nose and exhaust cones, fins,

combustion chamber liners, and high speed

turbine wheels. It will pay you to get more
details on R/M Pyrotex.

THE COMPLETE LINE OF R/M REINFORCED PLASTICS

If your design demands all of the following

features, find out more about R/M Pyrotex

(felts, mats, papers and molding compounds):

• Heat and flame resistance up to

10,000°F or more

• Chemical and water resistance

• Relatively isotropic

• High modulus of elasticity from low to high

temperatures (6 x 10s psi)

• High strength from low to high temperatures

(60,000 psi)

• Improved surface of end items

• Exceptionally good dimensional stability

• Little or no surface crazing

• Good insulation and thermal properties

• Low cost

• High strength-to-weight ratio

For further information, write lor technical bulletin

. . . hook reviews

pulsion, Frontier To Space and
Guided Weapons) gives added evi-

dence to his ability to write in a popu-
lar vein and still give good technical

treatment to a complex subject.

Burgess traces developments in

military rocketry and earth satellites,

and omitting needless explanation for

readership popularity, discusses future

methods whereby interplanetary flight

might be achieved.

The book has good illustrations,

but many have been outmoded since

publishing date. The author compre-
hensively treats the many psychological
and physiological problems of manned
space flight, and the book will stand as

good reference material. Rapid devel-

opments may require up-dating.

Sixth Symposium (International) On
Combustion
by The Combustion Institute, 943 pp.,
$28, Reinhold Publishing Corp., New York

Some 200 authors from ten nations
have presented papers on developments
in the combustion field dealing with
chemical, kinetic, aerodynamic, and
thermodynamic aspects.

This collection of papers was pre-

sented at the Sixth International Com-
bustion symposium. Subject matter in-

cludes structure and propagation of

laminar and turbulent flames; high-

speed reactions; flame stabilization in

fast streams; instability in combustion
chambers; ignition; combustion of ex-

plosives and solid propellants; evapora-

tion and combustion of droplets and
sprays; experimental and analytical

combustion techniques and applications.

The book also includes panel dis-

cussions on future problems in research,

high-speed reactions and flame stabili-

zation in fast streams.

Mathematics For Science And En-
gineering

by Philip L. Alger, 360 pp. $5.50, Mc-
Graw-Hill Book Company, Inc., New York

In this text, the author makes a

complete revision of Charles P. Stein-

met's Engineering Mathematics.
Basic mathematical ideas are shown for

their unity and simplicity, aiding stu-

dents and engineers in using mathe-

matics effectively.

Incorporating 80% of the mathe-

matical procedures and methods needed

in career engineering work, the book
clearly explains methods and formulas.

As a result, there will be little need for

memorizing and less likelihood of mis-

application of formulas.

Starting with basic arithmetic, the

book goes to the differential-equations

level and is a handy reference for more

missiles and rockets

RAYBESTOS-MANHATTAN, INC.

REINFORCED PLASTICS DEPARTMENT, Manheim, Pa.

FACTORIES: Manheim, Pa.; Bridgeport, Conn.; Paramount, Calif.: No. Charleston, S C.;

Passaic, N.J.; Neenah, Wis.; Crawfordsville, hid.; Peterborough, Ontario, Canada

RAYBESTOS-MANHATTAN, INC., Asbestos Textiles • Laundry Pads and Covers • Engineered Plastics • Mechanical

Packings • Sintered Metal.Products • Industrial Rubber • Rubber Covered Equipment • Brake Linings • Brake

Abrasive and Diamond Wheels • Clutch Facings • Industrial Adhesives • Bowling BallsBlocks

196

Industrial Adhesives
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If your problem calls for

M1CC1I E TIB ml i §yi

i

Link's Design, Engineering and Production Abilities

Provide the Answer
Link-designed electronic equipment provides a re-

liable and economical means of training missile

crews — long before costly installations are put into

actual operation.

Link is established as a leader in the development
of a wide variety of electronic gear. Equipment de-

livered includes:

• Go-No-Go Test Equipment • Optical Systems
• Component Assemblies • Computers
• Missile Training Equipment • Simulators

Efficient production, alert management and mod-

LlMK

ern research facilities on both coasts insure that every

Link unit meets the most rigid specifications.

Link's team of engineers, accustomed to solving

unusual and difficult problems, is backed by a pro-

duction staff skilled in custom-assembly of intricate

equipment for military and civilian needs.

Take advantage of Link's long experience in the

electronics field. For complete information, write or

call Jack Ritchie, Engineering Sales, Binghamton
3-6311 (Ext. 277). A brochure of our facilities is

available on request.

LINK AVIATION, INC.
BINGHAMTON, NEW YORK

A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION
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new techniques match TEFLON

to missile needs

Don't underestimate the possibilities of du Pont Teflon as

fabricated, today, by United States Gasket Company. Peren-

nial pioneers and leaders in advanced techniques of manufacture

and application of Teflon T.F.E. fluorocarbon plastics

—

recent U.S.G. developments bring an entirely new conception

of the scope of usefulness of this remarkable material in the

missile field. One example
—
"Fusion welding" of Teflon T.F.E.

has broken through the limiting size barrier of fluorocarbon

plastic structures. Another example
—

"filled" Teflon is pro-

viding materials with particularly desired characteristics not

possessed by the virgin material—new qualities "custom-

tailored" to specific use requirements.

United States Gasket Company engineers invite the oppor-

tunity of applying the latest Teflon techniques for the

solution of your design problems.

For prompt service, contact one of The Garlock Packing Company's

30 sales offices and warehouses throughout the U.S. and Canada,

or write

United States Gasket Company
Camden 1, New Jerseynited

asket &C4^7?LvtiLsh^ erf

book reviews

advanced work. Special emphasis is put

on infinite series, complex numbers, and

nethods of approximation.

Thermal Stresses

by B. E. Gatewood, 232 pp. $7.50, Mc-
Graw-Hill Book Company, Inc., New York

Missile designers and analysts are

constantly confronted with high-tem-

perature problems. This book is the first

on thermal stresses to cover all phases

of the design problem at elevated tem-

peratures.

Written for aeronautical engineers

in particular, emphasis is on funda-

mental theory. This treatment is applic- 3

able to nuclear reactors, rocket motors,

steam and gas turbines and guided mis-

,

sile structures, in addition to aircraft.

Topics discussed include tempera-

ture distribution; elastic and inelastic

thermal stresses; combined applied and

thermal stresses; allowable stresses of

various materials at elevated tempera-

ture; and the buckling, deflection, stiff-

!

ness, fatigue, shock, and flutter effects

of elevated temperatures. Many recent

,

advances in thermal stresses, tempera-

ature distributions, and material proper- -

ties have been included.

Thermal stress calculation proced-

ures developed are considered by the I

author as accurate as some other steps

in the design sequence, and more ac-;

curate than temperature based on con-

vective heat transfer calculations and

the allowable compressive stress under,

creep conditions.

Man-Made Moons
by Irving Adler, 128 pp., $2.95, The John.:

Day Co., New York.

This is a small book which packs a

lot of information from the launching

of a satellite to the role the satellite

will play as a prespace flight informa-

tion gatherer.

In extremely simple language Adler

covers and dissects what is now known
of the earth's upper atmosphere and;

what we expect to learn by penetrating

higher into its mysteries. Man-Made
Moons explains how satellites, the first

artificial, will give man a more accurate

picture of his planet: its shape, crust,

surrounding atmosphere, solar and cos-

mic rays, the ionosphere, "earth-shine,"

the earth's magnetic field, to name a

few.

The text is illustrated by some fine

simplified drawings by Ruth Adler. Thej

team of Adler & Adler have collabo-

rated on six other scientific books, in-

cluding How Life Began, Time in!

Your Life, and The Stars: Stepping-

stones into Space.
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THE STORY BEHIND THE STORY

[n recent successful test shot, sergeant roars into

iky. A ballistic guided missile, sergeant is guided

for precision flight to target. New guidance system

:annot be detected in operation.

NEW SERGEANT MISSILE WILL GIVE

U.S. ARMY GREATER STRIKING POWER
)evelopment of the new sergeant bal-

stic guided missile is a timely reminder

lat our nation's security requires accu-

ite, highly mobile tactical weapons for

round defense as well as the more spec-

icular intercontinental missiles so much
1 the news. In limited or global war, our
rontline troops need the support of such

weapon to crush an aggressor's attack

>ng before he comes within the limited

inge of present artillery.

The sergeant missile is the answer . .

.

ready-to-go solid propellant weapon
ith the ability to carry a nuclear war-
ead, a truly important contribution to

the security and retaliatory power of our

ground forces. In defense, the powerful

sergeant will furnish U. S. Army com-

manders with mobile firepower that will

be ready in minutes to strike at any

attacking force. On offense, this highly

accurate weapon can join tactical air

units in destroying enemy fortifications.

The sergeant is being developed by

the Jet Propulsion Laboratory of the

California Institute of Technology for

the Army. In preparation for production,

Sperry has been working with JPL since

the beginning stages of design and devel-

opment. Complete production of the

weapon system will be carried out by

Sperry's Surface Armament Division.

Sperry's many contributions to the

U.S. missile program, ranging from com-
plete missiles to major sub-systems such

as radars, automatic inertial guidance

systems, electronic countermeasures, and
automatic missile checkout systems, ac-

count for its selection as system manager
for the production of sergeant.

SPFRRV

SURFACE ARMAMENT DIVISION

GYROSCOPECOMPANY
Great Neck. New York

DIVISION OF SPERRY RAND CORPORATION
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Point-to-Point

Temperature

Variation
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EQUA-
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TEMPERATURES
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New Oven especially useful

for research in:

aircraft, missile, nuclear and
atomic energy fields.

A series of tests run on this oven
shows less point-to-point tempera-

ture variation . . . and less tem-

perature variation over an indefi-

nite period of time, than in any
other commercial oven of com-
parable size in the history of the

industry.

Special Features include:

a. 17 cu. ft. work space.

b. Control dampers permit option

of recirculated or non-recircu-

lated air operation.

c. Front-panel-mounted tempera-
ture controls.

Complete information in Bulletin 2299- K-2
furnished upon request.

AMERICAN INSTRUMENT CO., INC.
8030 GEORGIA AVENUE, SILVER SPRING, MARYLAND

TV Guidance

Aircraft System May Be

Applied To Missiles

Office of Naval Research's "Path-

way in the Sky" system of TV-screen-

presented instrumentation for high-per-

formance aircraft, will definitely have

application to manned space vehicles,
j

This "flying ribbon" concept, a de-

velopment of the Army-Navy Instru-

mentation Program, started five years
;

ago under sponsorship of ONR, BuAer
j

and Army Signal Corps. The system i

will permit pilots to literally fly along
jj

a pathway displayed on a transparent
!

TV-screen set into the cockpit wind- ,i

shield.

ONR says this type of instrumenta-

tion display would be required for re-

entry-type vehicles, such as the X-15.
|

The recently-unveiled system elimi-

nates a pilot's need to read and inter-

pret information from the clutter of

dials in present cockpits. It gives him 1

a three-dimensional presentation of the

sky and ground.

Essential flight information—fuel

consumption, flight plan, present posi-

tion, destination and radio navigational

data are programmed into a computer
which gives a pictorial display.

For short penetration flights into

nearby space, or even for short-time

orbital flight, the system could furnish

an invaluable reference to the pilot.

It could link the thinking brain of its

human operator to a space vehicle's
j

automatic control system, furnishing in-
j

formation from great distances to allow
]

time for decisions.

Such a pictorial display of informa-

tion would have a tranquilizing effect
]

on the pilot, for it would give him
j

reasoning time for any changes in op-

erational or environmental situations.
J

ONR estimates that approximately

$15-million has been spent on this in-

strumentation program since its start!

five years ago.

No research funds have been par*)

ticularly ear-marked for application to

space-type vehicles, but ONR said sucbj

application is inevitable.

The El Segundo Division, Douglasi

Aircraft Company, Inc., is prime con-}

tractor and program coordinator fofl

the program.

Douglas will have a space cabin)

mockup of the system at the BrusselJ

World Fair. The Brussels display shows

a guidance plane, bodies in space ana

a guidance path through these bodies.!

The "Pathway in the Sky" displayJj

including a thin television-type cathode}!

ray tube which enables the display tqfl

be set into a cockpit window, was de

signed and developed by Kaiser Air-j

craft and Electronics Division.
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Missile Trainer Simulators

Rheem Electronics has been engaged in the

analysis, design, development,

prototype manufacturing and production

of missile and aircraft trainers and

simulators since 1950. A wide range of

technology has been developed in the electronic,

optical and electro-mechanical field; servo

systems/analog computer systems/closed

circuit TV/radar and radar target

.

simulation/flight platform

simulation/optical projection systems/control

and actuating mechanisms.

The test console depicts a typical simu-

lation device utilized for the "dry run" of

a missile and its components; significant

advances have been made in the art of

simulation to train personnel in missile

operations.

RHEEM MANUFACTURING COMPANY/ ELECTRONICS DIVISION
Rivera, California



QQHMMR-Astronautics ATLAS... the free worlds first ICBM
From Cape Canaveral came the news. . . CONVAIR AND THE AIR FORCE HAVE SUCCESSFULLY TEST-

FLOWN THE ATLAS INTERCONTINENTAL BALLISTIC MISSILE. This momentous accomplishment has

assured the U.S. Air Force a vital weapon for our national security and a key to ultimate peace. The free world's

first ICBM is now in pilot production at CONVMR Astronautics' plant in San Diego, California.

202 missiles and rockets
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WHEN "MINUTES" COUNT
0. c.

RESISTANCE IMPEDANCE

SYNCHRO
FUNCTION

CPPC
TYPE

Input

mutt
«00-l

Input

Current

(Amps )

Input

Power

(Witts)

Oulput Phase

Voltage Sensitivily Shift

(Volts) (MV/fJetJ <de[. lead)

Rotor Staler

(Ohms) (Ohms)

Zra

(Ohms)

Zso

(Ohms)

Zrss

(Ohms)

Mai.

Null

Voltlfe

(MV)

ACCURAC
Mai. Error (Min

Torque Transmitter CGC 8 A 7 26 100 .5 11 8 206 8 37 12 54 - j260 12 J- j45 80 - j20 30 7

Control Transformer CTC8A 1 11.8 090 23.5 410 9 150 24 212 |684 22 ,115 246 j60 30 7

Control Transformer CTC 8 A 4 11 8 029 .08 22.5 390 8 389 64 560 - )1860 90 |340 640- jl90 30 7

Torque Receiver CRC-8 A-l 26 100 5 11.8 206 8 37 12 54 • |260 12 -J'45 80 • |20 30 30 sp.

Electrical Resolvet CSC 8 A 1 26 038 .42 10.8 190 20 230 27 286 |620 45 |148 350 • j75 30 7

Electrical Resolve, CSC-8 A 4 26 038 42 26 454 20 230 170 286 |620 250 |830 350 • j75 30 7

Control Differential CDC-8-A-1 11.8 085 21 11 8 206 9 36 25 38 - jl22 27 + 1120 48 + jl4 30 7

Vector Resolver CVC-8 A 1 26 057 34 11 8 206 10.2"- 78 27 103 -- 1440 8 4-|30 30 7

ACTUAL SIZE

Count on CPPC Synchros
In the above diagram, which simulates the attack of an ICBM and its destruction by an Anti-Missile Missile, only 20 minutes will elapse

from the time advanced radar picks up the ICBM at point a and the time ICBM reaches its target. These are a vital 20 minutes.

In these 20 minutes the path of the ICBM must be computed with extreme accuracy and the intercepting path of the

Anti-Missile Missile computed equally accurately.

Minutes count— both minutes of time and minutes of maximum error in the computing devices.

Clifton Precision synchros offer highest accuracies in standard synchro units. Special units are available which

eliminate, for practical purposes, all synchro error. In addition, reliability standards are the most

stringent we can devise and still mass produce synchros.

Delivery time has been shortened and production capacity approximately doubled with the opening of

our Western Division at Colorado Springs, Colorado.

For full information, call or write Sales Department, Hilltop 9-1200 (Suburban

Philadelphia) or our representatives.

CLIFTON PRECISION PRODUCTS CO., INC. / / Clifton Heights, Pa
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New computer system speeds missile work. Packard-

Bell Corp's TRICE computer combines features of

both analog and digital techniques.

The TRICE, soon to be installed at the Army
Ballistic Missile Agency's Computation Lab, is de-

scribed by m/r editor Peer Fossen (p. 207).

Thermistor speeds pre-Iaunch check. Wider applica-

tion of temperature-sensitive resistors seen.

R. L. Biesele, Jr., of Fenwal, Inc., discuss some

aspects of thermistor applications in missiles (p. 213).

In-line relay cuts launching delays. A new answer

to a constantly recurring problem.

m/r editor Raymond M. Nolan outlines features of

a new relay concept where the relay actually be-

comes part of the missile cabling system (p. 219).

Pictured undergoing assembly is

the world's largest inductance coil,

which will permit research into

many areas of astronautics and
aerodynamics. Built by Westing-

house Electric Corp's Transformer
Division, the coil will supply en-

ergy to an electric-arc tunnel for

testing missiles in the Gas Dy-
namics Facility at the Arnold En-
gineering Development Center, Tul-

lahoma, Term. The coil is similar

to that used on a current-limiting

reactor—except for the vast dif-

ference in size. A normal current-

limiting reactor is wound with

two or three 500-mcm cables; this

coil is wound with 36 850-mcm
cables in parallel. The coil is 119
inches in diameter, compared with

35 inches for a current-limiting

reactor.

Ilrclo No. 1S2 on
"r Servlca Card.



New extreme-high-temperature lubricants for missiles

and supersonic aircraft

One of the serious lubricating problems

faced by designers of missiles and super-

sonic aircraft has been solved by scientists

at Shell Research Laboratories.

The problem: to find a grease which

would permit components to operate with

certainty under extreme high tempera-

tures. Co-operation with representatives

of bearing manufacturers and military

personnel resulted in a completely new
class of greases—SHELL ETR GREASES.

These greases can easily withstand tem-

peratures up to 600°F. They give superior

lubricating performance because of a

special thickener—an organic vat dye

—

which has exceptional heat stability and

jelling efficiency.

If you are presently in the market for

an ultra-high-temperature-range grease,

we will be glad to provide more informa-

tion on Shell ETR Greases.

SHELL OIL COMPANY
50 West SOth Street, New York 20, N.Y.
lOO Bush Street, San Francisco G, Calif.
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New Computer System

Speeds Missile Work

by Peer Fossen

RAPID EXPANSION of the computer

applications in missile technology has

forced development of a new system

combining both analog and digital

techniques.

The new system is Packard-Bell

Corp.'s TRICE (Transistorized Real-

time Incremental Computer—Expan-
sible). The concept of TRICE and its

subsidiary equipment is a breakthrough

in accuracy and speed for the control

systems and calculations required by

the race for space.

According to Packard-Bell, the

TRICE will be placed in operation by
the Army Ballistic Missile Agency's

Computation Center at Redstone Arse-

nal this spring. A prototype system will

be used to demonstrate the new digital

techniques and acquaint personnel with

the new concept.

The impetus for TRICE came from
individuals with analog computer ex-

perience who felt that analog systems

are not sufficiently accurate, especially

when dealing with nonlinear systems.

Other limitations encountered con-

cerned difficulty in setting up complex
problems involving many amplifiers

and nonlinear equipment.

Although automatic setup equip-

ment for analog computers has been
available for some time, it is "hung on"
rather than integral to the system. This
equipment is largely electro-mechanical,

whereas digital equipment is completely
electronic.

A first result of efforts to combine
the two computer techniques, TRICE
is claimed the fastest digital computer
built. Operating at an iteration rate of

100,000 per second, the system com-

|

bines the expansibility and ease of pro-

gramming of analog computers, with
the precision and repeatability of digi-

May, 1958

tal computers—at a speed that makes

possible real-time digital solutions of

such problems as missile simulation

flight.

• Basic elements—The TRICE com-
puting elements are basically five in

number: three incremental computer

building blocks, a digital function gen-

erator and an analog-to-digital, digital-

to-analog conversion system. All are

completely transistorized.

The three incremental computer
blocks are an integrator, a multiplier

and a digital servo. The integrator is

similar to integrators in existant serial

digital differential analyzers but with

important differences. First, it is phys-

ically independent as are the amplifiers

of an analog computer. Secondly, it

operates at very high speed; will inte-

grate a given variable with another

variable—not necessarily time—100,-

000 times per second.

It is difficult to compare digital

computing speeds with analog re-

sponses, but, roughly, this integration

rate corresponds from 10 to 20 cycles.

Lack of restrictions on the independent

variable generates both linear and non-
linear functions by the same computing
element.

Integrators employ an integration

formula and an intercommunication

scheme that minimize errors for parallel

digital computation. The quadrature

formula employed is a modification of

the extrapolative form of trapezoidal

All photos by donn maur.
FIG. 2. Technician checks plug-in modules prior to assembly on plug-board.
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DIVISIONS AND SUBSIDIARIES

OF TELECOMPUTING CORPORATION

WG

BRUBAKER ELECTRONICS

An R&D leader in the field

of ground and airborne

IFF components, test

& checkout equipments—
IFF systems analysis-
Air Traffic control

systems— radar beacontry-

detection equipments.

WHITTAKER GYRO
Leaders in electrically

driven and spring-wound

free gyros, rate and

floated rate gyros for

missile systems- rate of

roll, pitch, and yaw
indicators for manned
aircraft— bank and turn

indicators.

DATA INSTRUMENTS

Pioneers in equipments

for fast and accurate

analysis of test data, with

automatic recording on

punched cards, tapes,

or printed lists-for

aircraft, missile, industrial

and scientific uses.

ENGINEERING SERVICES

Currently engaged in

reduction and analysis

of flight test data

generated by daily missile

firings at Hollman Air

Force Base, White Sands

Proving Grounds

Integrated Range.

WHITTAKER CONTROLS

The largest developer and

builder of custom-built

high-performance

hydraulic, pneumatic, and

fuel valves, controls, and

regulators for advanced

missile, aircraft, and

industrial applications.

NUCLEAR INSTRUMENTS

Designers and builders

of high quality, reliable

equipments for prelaunch

checkout and testing of

nuclear special weapons.



a pressure actuated valve,

rolling flow of helium for

tank pressure regulation:

WHITTAKER CONTROLS
OFFERS THE INDUSTRY'S
TOP FACILITIES FOR:

Research and Development

Prototype Production

Performance Testing

Environmental Testing

|gn considerations:

! of flow of helium

:ed by rate of evacuation

)X tank;

on in all metering elements

t be minimal

I temperatures;

ter must be prevented

lite pressure shock;

onse must be rapid

ite long signal

ing lines.

Field Testing

Quantity Manufacture

Field Servicing

These facilities,

together with the

industry's

most resourceful and

competent engineering

and technical personnel,

are at your disposal,

to solve your

most exacting hydraulic,

pneumatic, and fuel valve

and control problems.

Arthur C. Cocagne,

Director of

Field Engineering,

Whittaker Controls,

a Division of

Telecomputing Corporation,

915 North Citrus,

Los A ngeles, California.

Phone-HOllywood 4-0181.

Field offices —
Indianapolis,

Atlanta, Seattle,

Wichita,

Washington, D.C.,

Hempstead (Long Island), N.Y.

ilts: A valve

I 121485)
:ing all of these requirements

w operational —
her Whittaker

ribution to

rica's missile program.
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i
VOLTAGE
DIVIDER

FIG. 3. Digitally-controlled voltage divider unit of the MUL1TVERTER.

N=X/V

FIG. 4. Bi-directional counter used in the analog-to-digital converter.

integration. This not only provides a

second-order correction, but partially

corrects the time lag introduced by the

parallel mode of operation. The inter-

connection scheme makes it possible for

the information interchanged among
computing elements to have three

values: +1, and — 1.

In operation, stable sine waves of

several hundred cycles have been gen-

erated.

The basic integration unit can gen-

erate both linear and nonlinear func-

tions. For convenience, a multiplier unit

has been developed. This generates in-

crements of the product of two func-

tions, given the two functions in incre-

mental form. This unit also operates

100,000 times per second and yields

exact products.

The third element is a digital servo.

This unit generates inverse functions

such as square roots, arcsines, etc. It

may be thought of as the digital analog

of a high-gain amplifier that produces a

maximum output for any magnitude
input error signal. Resolvers and other

special elements probably will be con-

structed. While subject to truncation

and round-off errors, the TRICE, being

digital, is not subject to drift, and can

be employed to solve real-time prob-

lems that, like certain trajectory cal-

culations, require long computation.

• How it works—These three ele-

ments theoretically are sufficient to

generate any analytical functions pro-

duced by an electronic analog com-
puter. Because of cost and other con-

siderations, this equipment can generate

one or several of the loops in a prob-

lem while standard analog equipment is

used to generate the remainder. In this

case, a conversion system is required to

transfer information between the two
computers.

The first requirement of such a

conversion system is high accuracy

—

0.01% of full-scale. This full-scale ac-

curacy is particularly needed if small

values are to retain a reasonable degree

of accuracy.

The other requirement is a 10-

microsecond conversion time. An incre-

mental converter can be used here since

the amount of information that must
be transferred over each channel pre-

cludes multiplexing a single converter

among many other variables. An in-

cremental converter is one where a bi-

directional counter follows the input

wave form. The limitation of this de-

vice is the same as the computer—it

can change by 100,000 increments per

second with no reduction in frequency
response.

• Conversion System—Packard-Bell

also has developed a novel conversion

system, the MULTIVERTER. Heart of

the system is the digitally-controlled

voltage divider shown in Fig. 3.

Given a number, N, and a voltage,

V, this device will generate NV so that

in going from a digital computer loop

to an analog loop, a multiplication can
be performed with an accuracy of
0.01%.

If this voltage divider is employed
to provide comparison voltage into a

comparator, and causes the bi-direc-

tional counter to go up or down, the

result (as shown in Fig. 4) would be
an analog-to-digital converter.

The comparator, in this case, com-
pares the input voltage, X, to the out-

put of the digital voltage divider, NV.
The counter is changed to make these

quantities equal; hence. X = NV or

N — X/V. This means, in going from
an analog loop to a digital loop, that

the conversion system will generate the

digital value of the quotient of two of

the analog variables. The converter's

incremental outputs are at the central

plug-board and are completely homo-
geneous with the incremental signals

generated in the computer proper.

• Functional generator—The final

component is a digital function gen-

erator.

Photographic techniques store the

values of the independent and depend-
ent variables on a small strip of film.

Several methods are variable for

operating upon the values as they are

read. The most straightforward is to

store the dependent variable incre-

mentally so values can be treated the

same as the incremental outputs of the

computer elements and the conversion

system. Limitation is that the function

can vary only a small number of incre-

ments for each stop of the independent

variable.

In certain cases, the arbitrary func-

tion has abrupt steps or other discon-

tinuities. For this reason a function gen-

erator supplies the value of a function

for a given argument rather than in-

cremental values.

Being a mechanical device, the

function generator cannot supply 100,-

000 new values per second. For many
tasks, this high speed is not required,

but in some cases new values of the

dependent variable must be supplied as

a rate almost as high as the iteration

rate.

In these cases, the number stored is

the first or some higher difference. By
employing one or several integrators,

this difference value can generate func-

tional values at the required rate, al-

I

though the difference value changes

relatively slowly. A similar system for

analog computers is also under design.

210 missiles and rockets



miniaturization in a nutshell

STATHAM MODEL P222 flush ^
diaphragm pressure transducers. .

.

for the measurement of absolute,
gage, or differential pressures.
DIMENSIONS: .25" diam. x .47" long
WEIGHT: 3 grams, approx.
RANGES: 0-10 to 0-200 psia, psig, or psid;
±5 to ±25 psid.
NON-LINEARITY & HYSTERESIS

:

Not more than ±1% fs
TRANSDUCTION: Resistive, complete
bridge; Statham unbonded strain gage

STATHAM MODEL A52 linear %
accelerometer . .

.

DIMENSIONS: .32" wide x .35" high
x .84" long
WEIGHT: 8 grams, approx.
RANGES: ±5 to ±100 g
NON-LINEARITY & HYSTERESIS:
Not more than ±1% fs

TRANSDUCTION: Resistive,
complete, balanced bridge: Statham
unbonded strain gage

Statham's line of miniature transducers for the measurement of pressure

and acceleration are constructed to give accurate, reliable service

in applications which demand critical space requirements. These rugged,

laboratory-calibrated instruments are especially suitable for use

in the supersonic aircraft and missile fields.

If there are critical space problems in your instrumentation program,
the requirement for accuracy and reliability need not be sacrificed .. .when you

specify Statham. Our application engineers are always ready

to help with your instrumentation problems.

"Model shown actual size.

Complete technical data

are available upon request. INSTRUMENTS, INC.

(May, 1958

12401 W. Olympic Blvd., Los Angeles 64, California
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HEATING BLANKETS
and Other Woven Heating Elements

by

for MYRIAD USES

Inherent in the rapid, unremitting advance of

present-day technology is a growing need for

accurately controlled delivery of heat in many
industrial and military applications. SAFEWAY
heating blankets or woven-wire heating elements

can be designed specifically to fill countless of

these needs. Indicative of their broad potential

are the diversified purposes they are already

serving with complete success.

In the field of missiles and rockets, fuels, propel-

lants and launchers are kept at operational

temperatures with controlled heat.

Airframe manufacturing utilizes heating

blankets for both honeycomb and metal-to-

metal bonding.

Component aircraft parts . . . gyros, cameras,

computers, servos, batteries, antennas, to name
just a few . . . must be heated when exposed to

the freezing environment at the altitudes at

which jets fly. Also needed at low operating

temperatures are de-icing units for propellers,

wings, vertical fins and horizontal stabilizers.

Apparent, too, is the marked growth in the

usage of heating blankets to satisfy winteriza-

tion needs and demands of certain types of

refrigeration units for satisfactory defrosting

methods.

If it has to be heated (and the "it" can be just

about anything), you can rely on SAFEWAY
engineers to study your problems and — with-

out any obligation — submit an appropriate

recommendation.

FOR YOUR COPY OF A
FACT-FILLED FOLDER,
PLEASE WRITE TO:

HEAT
ELEMENTS

INC.

68O Newfleld Street • Mlddletown, Connecticut

212 Circle No. 155 on Subscriber Service Card.
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RESISTANCE-TEMPERATURE characteristic of a typical SCHEMATIC of typical thermistor system for missile ground
thermistor. Note particularly the large resistance change for check-out. Sensors and mixer are installed on missile, other
relatively small temperature changes. components on ground. Distance "A" can be 250 feet or more.

Thermistor Speeds Pre-Launch Check

by R. L. Biesele, Jr.*

THE MOST IMPORTANT element in

missile operation is temperature. It is

an, ever-present consideration in selec-

tion of material for construction, and is

equally important to the operation of

equipment used on the missile.

To provide a definitive listing of

all the temperature considerations in

missiles is extremely difficult, so this

article is concerned only with a system

concept that is applicable to ground
check-out of temperature.

Two general areas are involved:

storage of the missile to insure that

it is both safe for personnel and in a

high degree of readiness; check-out

during the immediate pre-firing period,

or countdown.
During the countdown, temperature

check-outs not only determine the op-
erability of the missile, but are also

used as controls on certain parts. An
[example would be the air conditioning

equipment used to hold various sec-

tions of the missile at specified tem-
peratures. Ground control equipment
can be used for this function: once
the missile has been fired, its flight time
is sufficiently short so that, with proper
equipment design, no serious tempera-
ture variations will occur.

An important area of ground check-

out is the engine, which must be warm

enough to insure that valves do not

stick, and that other components op-

erate at maximum efficiency. This

problem is complicated by liquid fuels,

such as liquid oxygen, which involve

extremely low temperature, and by the

wide varieties of climates in which the

missile may be used.

Communication equipment also re-

quires temperature check-out. Crystals,

transistors, and many other electronic

components change value significantly

with temperature variation.

The guidance system is the most

important area of temperature con-

trol. All inertial guidance systems have

precise temperature control built in to

maintain operability throughout the

missile's flight. During count-down, all

systems must be checked to ascertain

that they are within specified tem-

perature limits.

• What's a Thermistor?—Obviously,

any type of temperature measuring de-

vice can be considered for check-out,

and, in fact, many types are used.

Miniature thermal switches are com-
monly used on the missile itself. Ther-

mocouples, resistance bulbs, and many
others also find their places.

One type of temperature measur-

ing system that is gaining wider appli-

cation and usefulness is based on
thermistors.

A thermistor is no more than a

temperature-sensitive resistor which has

a negative temperature coefficient of

resistance. This characteristic, which is

fixed, predictable and stable, is illus-

trated in the accompanying graph.

In missiles, thermistor systems in-

clude sensing probes, which are the

thermistors themselves, a mixer to con-

solidate information from several

probes, a control unit to interpret this

intelligence, and a read-out (diagram).

Missile check-out systems must
have, among other specific characteris-

tics intrinsic to the application, full

consideration of reliability, speed, ac-

curacy, simplicity, weight, size, and,

of course, cost. These apply to any sys-

tem, and are not peculiar to thermistors.

Nevertheless thermistor systems should

be analyzed in terms of these broad
considerations:

Reliability—Here the need is not

only for the reliability of the system
itself, but the reliability of the infor-

mation it provides. A check-out system
which compounds the complexity of

^Project Supervisor, Electronic Design
Fenwal Incorporated, Ashland, Mass.
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FROM ICARUS TO MACH NUMBERS:

High-flight fasteners

have come a long way!

0£k $

FREE:
Send for 20 -page\Titanium Engineering
Bulletin No. 5

:

"Properties of Ti-155A."
Get detailed technical
information on properties,
fabrication, heat treatment,
and important design facts.

There's a good reason why today's high-flying missiles

and aircraft don't suffer Icarus' embarrassing fate

of coming apart at the seams. One explanation is in the
remarkable high-temperature strength of the new
heat-treatable titanium alloys.

Take Ti-155A for example. It has a density of only
0.163 pounds per cubic inch. Yet, at room temperature,
tensile strengths are guaranteed to 170,000 psi, making
it the highest-strength titanium metal commercially
available. Even at 800°F, tensile strengths of this

heat-treatable titanium alloy run well over 120,000 psi,

while the creep rate at 50,000 psi and 650°F is only
0.000001 inches per inch per hour.

In addition to its high tensile strength, Ti-155A
also offers good impact strength, ductility and fatigue

characteristics. Its shop practices have been well

established and TM55A can readily be forged
to heavy reductions.
The result is an outstanding material for fasteners,

forgings, extrusions, wire, rolled shapes

—

any place where a strong, light-weight, bar and
forging stock is required. It's readily available
in commercial quantities— at prices competitive
with other vacuum-tnelted metals.

TITANIUM S CORPORATION
OF AMERICA

233 Broadway, New York 7, N. Y.

714 Clrclo No. 156 on Subscriber Service Card. missiles and rockets
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Korday

TYPICAL thermistor probe used in missiles. Thermistor is encased in plastic, and

housing is perforated to permit fast response. Pocket knife gives size comparison.

the weapons system is an absurdity.

Thermistor systems offer many advan-
tages in this area.

First is the fact that thermistors

are among the very few electronic com-
ponents that do not depreciate with

age.

It will be noted, too, (on the graph)

that there is a large change in resistance

for a small change in temperature. This

means that a thermistor has a large

"signal" output, particularly in com-
parison with such devices as thermo-
couples.

The large signal permits simplified

associated circuitry; extensive amplifi-

cation is not required, nor are extreme-

ly sensitive relays. In fact, under cer-

tain circumstances, both amplifiers and
relays can be eliminated, making pos-

sible a system without moving parts

and with consequent increases in re-

liability of action.

The high "signal" also produces

simplified wiring. Not only does the

mixer consolidate information and thus

reduce wiring, but the number of con-

nectors required is substantially re-

duced as compared to other design ap-

proaches used.

Accuracy—This is a corollary of

eliability, yet it also implies the ability

to detect minute temperature changes

—

of particular importance where the

temperature is critical and a tiny vari-

.tion can have serious effects on mis-

vtey, 1958

sile performance. In addition to the

large resistance change for a small

temperature change, which makes the

thermistor more sensitive than many
other types of sensing elements, there

must be added the small size of the

thermistor—they can be made the size

of a fly speck—which means a low
thermal mass that is extremely respon-

sive to environmental changes.

Obviously, accurate readings are

not only necessary to control to the

close tolerances required in missiles.

They are essential so that the trans-

mitted information becomes sufficiently

meaningful to produce proper correct-

ive action.

Speed—A major problem is to

activate the "bird" as quickly as pos-

sible after the command has been

given. To the temperature check-out

system, this means that the informa-

tion sensed must be transmitted vir-

tually instantaneously, and that there

must be a maximum of time allowed

for corrective action where necessary.

For this, the thermistor provides

inherent technological advantages. First,

the system is completely electronic and
independent of any mechanical link-

ages. It does not require tubes of any

kind and eliminates the essential warm-
up period such components require.

Thermistors are small and can react

virtually instantaneously.

With respect to speed, many missile

HIGH-SPEED, DYNAMIC

DIGITAL

MODULES
Build your high-speed comput-
ing and digital control equip-
ment with COMPUTER
CONTROL T-PACs, high-
speed dynamic digital modules.

PACs
are a transistorized family of
1 megacycle dynamic logical
circuits. Twenty-nine T-PACs,
plus a transistorized plug-in
power supply, mount in a
standard 5M inch rack panel
space. The basic LOGICAL
ELEMENT T-PAC, model LE-
10, can serve any one of a
variety of functions, such as

—

amplifier, inverter, driver, buf-
fer, flip-flop, counter stage,
gate, frequency divider, half-
adder, shift register stage . . .

Logical Element Model LE-10. .

T-BLOC containing 29 T-PACs

Typical applications of T-PACs
data handling •

control •
instrumentation •

computing systems •

Write for illustrated 16-page Catalog T.

Orel* Ne. 60 on Subscriber $*rvtc» Card.
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For accurate, reliable acceleration measurement...

PRECISION

LINEAR

ACCELEROMETERS
are rugged

and right!

Pacific's family of accelerometers are

designed, developed and tested to meet
almost any acceleration measurement
requirement. Their custom design pro-

vides excellent reliability and accuracy
for many critical applications — com-
bining features of lightness with high
precision characteristics.

To save you time and money, many of

Pacific's accelerometers can be incorpo-

rated into your own designs at an early

stage.

Each of the basic models illustrated at

the right is representative of a series of

similar units which vary only in output
characteristics. They are available and
were developed to satisfy a special re-

quirement but can now be considered as

standard production items ... completely
tooled, qualified, proved in actual use
. . . ready for immediate order.

For complete information on a Pacific

accelerometer designed to your own re-

quirements ... or on a modification of

these units, WRITE TODAY. The engi-

neering skill and creative ability of
Pacific Scientific are at your service.

For High Response Systems . . . Series 4204

Linear accelerometer provides extreme
sensitivity, large output AC signal.

Maintains a high natural frequency and
low cross talk. Temperature compensated
fluid damping provides exceptional

dynamic characteristics without heater.

I

Highly Accurate . . . Series 4202

Unique torsion-bar suspension gives very

low hysteresis with exceptionally

rugged, long life. Single or dual pot

and/or switch pick-off provides versatility.

Automatic caging mechanism.

Light and little

. . . Series 4201

This miniature
accelerometer is a

versatile, high production
instrument with unusual
flexibility of design
and performance
characteristics. Main-
tains accurate signals

thru long service life.

Potentiometer pick-off.

Creative

Manufacturing

and Development

in Aircraft Safety

PACIFIC SCIENTIFIC COMPANY
P.O. Box 22019, Los Angeles 22, California

San Francisco • Seattle
Arlington, Texas • San Diego

Representatives: Eastern U.S.—Aero Eng. Co.
Canada-Garrett Mfg. Corp.
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thermistor systems are designed to pro-

vide passive, continuous check-out. In

these cases, the system is operating at

all times and automatically signals

whenever a fault occurs.

Weight—It has long been a rule

of thumb that in a large missile, each
pound saved adds one mile greater

range. Conversely, it is also important

to have ground equipment as light and
portable as possible, for maneuver
ability and transportation. Insofar ast

the missile itself is concerned, the

probes that would be mounted thereon

can thus be fly-speck size, with a

weight that is measured in milligrams

Furthermore, by mounting the mixer
on the missile, the weight of necessary

wiring is also substantially reduced
But what of the ground equipment?

Here, the weight will be a function of

the amount of information desired. II

recorders, analyzers, and similar equip>

ment are needed, the weight will be

proportionately greater. However, the

nature of the thermistor, its high signali

output, less need for extensive wiring,

amplifiers and relays—all will aid

materially in keeping weight—and
size—of ground equipment within

manageable proportions.

Size—In the vast reaches of outer

space, space is at a premium. Thisi

paradox is a major problem for the

designer, that could be solved by the

small size of thermistors and theui

associated control units.

Cost—As every engineer knows
there is no such thing as "Damn the

cost." In missile check-out systems-

as in all other equipment—cost consists 1

of two elements: the material cost ol

the unit itself and the cost of design

ing or engineering a particular system.

We can dismiss the former verj

quickly, for actual material cost is bul

a small part of the total for a thermistor

system or any of the alternative ap

proaches. However, it can be statec

that thermistors can often be made foi

much less than other temperature-sens

ing devices with applicability.

Nevertheless, it is the engineering

costs we must consider. Since missile

requirements are so often for one oi

two units for prototype testing, or the

actual production quantity is not ir

the realm of so-called "mass produo

tion," engineering charges that woulc

otherwise be amortized become very

significant.

Here a thermistor system often

fundamental advantages. First, the

overall concept of its operation is rela'

missiles and rockets



SYNCHRO
ACCURACY SECONDS

OF ARC

ELIMINATE MULTI-SPEED SERVOS
AND COMPLEX ELECTRONIC DEVICES

a

g

520

NEW ULTRA-PRECISE SIZE 25 SYNCHROS
Extremely precise data transmission is possible through the use

of Kearfott's Size 25 synchro resolvers. The inherent precision

of these units provides a three sigma accuracy of approximately

35 seconds in a typical 3 unit string without the use of auxiliary

equipment. Ruggedly constructed of corrosion resistant mate-

rials, they possess the required reliability for all missile applica-

tions. Available as transmitters, differentials and control trans-

formers with a maximum error from E.Z. of 20 seconds arc.

SIZE 11 SYNCHROS
Size 11-2 phase 4 wire synchro resolvers for

data transmission combine the advantages of

small size with high accuracy. Corrosion re-

sistant materials are used in the construction

of these units. Available as 60X transmitters,

differentials and control transformers with a

maximum error from electrical zero of 3 min-
utes arc. Standard 3 wire synchros are avail-

able from production with 5, 7 and 10 minute
maximum error from E.Z.

ENGINEERS
Challenging opportunities at Kearfott in advanced
component and system developments.

PRECISION m

IGPEI
CORPORATION

KEARFOTT COMPANY, INC., LITTLE FALLS, N.J.
Sales and Engineering Offices: 1378 Main Avenue, Clifton, New Jersey

Midwest Office: 23 W. Calendar Ave., La Grange, Illinois
South Central Office: 6211 Denton Drive, Dallas, Texas

West Coast Office: 253 N. Vinedo Avenue, Pasadena, California
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Record Amplifiers

For complete information on the 5-752, write for Bulletin CEC 1576-X21

.

CEC's NEW ADJUSTABLE TAPE LOOP ATTACHMENT permits thej

standard 5-752 Recorder/Reproducer to be converted quickly

and inexpensively into a continuous loop transport for repetil

tive playback and data analysis. Loop lengths are adjustabl

from 2 to 20 feet.

.JL, EXCLUSIVE NEW FEATURE of the 5-752 now permit]

/V the use of 1-mil base Mylar tape and allows 7200 fee

of tape to be loaded on a 14-inch reel. Provides 50% more tapii

footage with radically reduced opportunity for tape breaka;

DataTape Division

«cj Consolidated Electrodynamics
300 North Sierra Madre Villa, Pasadena, California

OFFICES IN PRINCIPAL CITIES THROUGHOUT THE WOR X

Circle No. 157 on Subscriber Service Card. missiles and rockets
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Countdowns can be halted by

failure of any of countless

tiny mechanisms. Here's a

new device that may save

time and trouble . . .

Electronic Specialty Co.

CABLE ENDS are hermetically sealed into locking connectors
which carry complete static and dynamic loads on the relay.

Cover is protective only, carries no load.

In-Line Relay Cuts Launching Delays

OUNTDOWNS in big missile shoots

oday are, at best, a trying and frus-

rating experience.

Time after time a halt must be
ailed because of the failure of some
irosaic component such as a relay or

valve.

Most solutions center around metic-

lous checking of each tiny part be-

ore the countdown begins. But if fail-

re occurs after the pre-firing pro-

edures are in progress, nothing can
e done except trouble-shooting and
eplacement of faulty components.

Electrical relays are especially sus-

eptible to such failure and to another
ven more important trouble—failure

1 flight. Much work is currently being

one to improve this situation. Oc-
asionally an idea which can truly be

[ailed a breakthrough becomes a

leality.

Something new in this line was re-

Ijealed recently—an in-line relay with

111 cables connected axially and the

|
bit suspended directly in the cable

nn.

This new device, developed by
lllectronic Specialty Co., Los Angeles,
jjaliiornia, promises to alleviate—if

Ipt abolish—most of the difficulties

Ipat are now encountered in missiles

Irith relays.

I The in-line relay may be placed
Ipywhere in the missile cable runs.

It is supported by the cables them-

i lay, 1958

by Raymond M. Nolan

selves and therefore virtually immune
to shock and vibration. Damping ef-

fect of the cable mounting is so com-
plete, that no measureable motion of

the relay is registered when the cable

ends are vibrated through the complete
frequency range outlined by Mil Specs.

• Tiny and tough enough?—Missile

guidance and control today is de-

pendent on literally hundreds of relays

to perform essential sequencing of elec-

trical operations. Since the switching

function is performed by closing a gap
as small as 0.05-in., it is clear that

these units must be rugged and re-

liable if accidental tripping due to vi-

bration, shock, arcing or high-tem-

perature expansion is to be avoided.

Traditionally, these dangers are met
by grouping the relays in relay con-

trol boxes and mounting them rigidly

to the airframe; but increasing missile

speeds and altitudes are rapidly out-

moding such a solution. One example

is the skin friction heating generated

by supersonic speed. These tempera-

tures are transferred through the struc-

ture into the relay and are now handled

only by the use of high-temperature

materials and forced cooling of the

components.

Another problem in control is the

marked reduction in air density as

missile operating altitudes are pro-

gressively increased.

This results in rapid loss of insulat-

ing properties of the atmosphere in the

relay terminal gaps with ultimate arc-

ing across the gaps, even when hermetic

sealing is used.

The progress in miniaturization

made by the relay industry over the

past decade has created tiny units that

weigh only a few ounces and occupy
less than a cubic inch of space. But this

miniaturization has meant shrinkage of

the distance between terminals with ac-

companying corona discharge and arc-

ing risks.

In the in-line relay, the high poten-

tial difference between the power cable

ends controlled by the relay is separated

at opposite ends of the unit, provid-

ing the maximum possible protection

against arcing and corona discharge.

This arrangement also reduces the effect

of stray capacitance and other residual

electrical properties that plague single-

end relays.

• New answer—The new "straight-

through" relay design, subject of a mili-

tary specification to be issued shortly

and covered by recently-awarded Patent

No. 2,825,782, avoids most of the diffi-

culties mentioned above.

The new unit is, essentially, a con-

ventional sub-miniature relay of tested

and proved specification performance,

but secured in a radical new mounting.

219



Simplify complex checkouts ...

MONITOR 100 CHANNELS OF INFORMATION-SIMULTANEOUSLY

Unique and compact, the new Brush Event
Recorder greatly minimizes the amount of time,

space and equipment needed to perform complex

checkouts on critical systems and processes.

On a moving chart only 12" wide with a

length of 500 feet, as many as 100 channels of

sequential or Operational information may be

recorded simultaneously— indicating any number
of events pertaining to electrical or physical

phenomena.
The make-break of a relay, for example, can

show as a break in a continuous trace or as a new
trace; and the event itself is shown in a time

relationship to all other events. Thus, you have

an immediate picture of an entire situation at

any time. Electric writing styli record in less than

one millisecond after receiving a signal . . . han-

dle up to 500 signal changes per second! Sixteen

electrically controlled chart speeds may be select-

ed from remote or on-the-spot locations.

Purposely designed to easily adapt to military

specs, the new Brush Event Recorder is an ideal

checkout instrument for use with industrial as

well as defense equipment. Send for detailed

literature, or ask for application assistance from

your Brush factory branch or representative.

brush INSTRUMENTS
ISION OF

340S PER

No. 158 on Subscriber Serv

IK1NS AVENUE
J

ice Card. L

CLEVITE CLEVELAND 14. OHIO



D-C Amplifier

Isolated input,

unmatched stability,

and high common-mode

rejection.

missile electronics

Electronic Specialty Co.

IN-LINE RELAY is mounted in the wire bundle, anywhere within the missile and

thereby isolated from structural heat or vibration-transfer into its interior.

While the conventional single-end re-

lay mounting produces a sunburst of

wiring in which the relay is the fulcrum

of a tug-of-war, the new design makes
obsolete the connection problem by
routing all input wiring into one end
and bringing all output wiring out the

other end.

The fact that the new relay can be

freely mounted virtually anywhere with

the missile structure, opens many new
design concepts for the engineer. In

most cases, it will no longer be neces-

sary to run high-powered cable through
large connectors into pressurized areas

for such purposes as protective circuit-

breaker reset. Instead, the remotely-

located circuit-breaker can be reset by
a slave in-line relay actuated by a small

control line.

The in-line relay can be located in-

side access doors situated for other pur-

poses, for example, and requires no
brackets or clamps for securing.

• Eases repair—Trouble-shooting—
and especially trouble-shooting during

countdown—in missiles has multiplied

in difficulty with the increase in elec-

trical complexity and much of this

maintenance burden involves the search

for faulty relays in a maze of relay

wiring.

In some cases, literally hundreds of

wires pass through a relay control box.

May, 1958

The rapid and correct identification of

individual wires tests the capacity of

maintenance personnel in addition to

wasting precious time prior to missile

firing.

However, maintenance of in-line re-

lay-equipped missiles would only re-

quire the mechanic to break out the

wire bundle and replace the relay with

two twists of the wrist, instead of the

currently-required backing off of nuts

and their replacement in cramped
quarters.

The installation completely elimi-

nates mounting brackets with an at-

tendant decrease in weight. Merely mul-

tiply the saving in weight by the num-
ber of units in an average large-size

missile—this factor alone makes instal-

lation of in-line relays worthwhile.

This promising development shows

an interesting new trend by adding a

new duty to a component (supplying its

own mounting function) rather than the

usual search for means of taking away
duties performed by a functional unit.

The new Electronic Specialty in-

line relay literally carries its own weight

in performing its function in missile

electrical systems, and, in one simple re-

vision of a classic concept, eliminates

or drastically alleviates the frustrating

difficulties of the environment-prone re-

lay—the largest family of electrical

units in service today.

The Neff 1-100C successfully

combines both a floating input

and a truly stable output . .

ideal for amplification of low-level

signals from thermocouples,
strain-gage bridges, and

bridge transducers. Input
and output

are isolated from each other
and from ground, thus

preventing circuit ground
loops and paralleling

active arms of bridge transducers.

Input:

Output:

Linearity:

Input R:

Gain:

Stability:

Drift:

Noise:

Isolation:

Specifications

±5 mv or ±10 mv.

0.5 v into 100 ohm load

1 v into 200 ohm load

0.05% full scale

500 k

Variable to 100

0.2% full scale

Less than 5 fiv

Less than 5 ,uv

D-C, 160 db
A-C, 114 db at60cps.

' 1

•••

9 9 9 9 *

For a desc

neff

riptive brochure, write:

instrument
corporation

2211 E. Foothill Blvd.

Pasadena, California
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ff\
fit) PrimarY and supplemental

k IjEVAPORATlVE
'jW COOLING SYSTEM

NEW, exclusive features... 3 to 30 times

greater evaporating heat transfer coefficients!

This new UAP cooling system for electronic equipment, fluid systems and struc-

tural component seals includes UAP's latest exclusive Hi-D developments in the

heat exchanger arts, and associated UAP devices. Unique Hi-D configuration

develops heat transfer coefficients 3 to 30 times greater than any previous

development. 95% to 98% boil-off of evaporative fluid has been obtained.

UAP heat transfer devices are tubular and plate types of stainless steel or

aluminum and can be applied to various evaporative fluids including water,

water-alcohol, water-glycol, and aqueous ammonia mixtures for pool boiling

or forced circulation systems.

Schematic: AQUEOUS AMMONIA-TO-OIL EVAPORATIVE COOLING SYSTEM

More specific information in Engineering Report form can be made available

to qualified inquirers by contacting UAP Contractual Engineering Offices.

CALIFORNIA . 1101 Chestnut St., Burbank, Calif., VI 9-4236

NEW YORK 50 E. 42nd St., New York 17, N.Y., MU 7-1283

OHIO 1116 Bolander Ave., Dayton, Ohio, BA 4-3841

CANADA United Aircraft Products, Ltd., 5257 Queen
Mary Road, Montreal, Canada, Elwood 4131

UNITED AIRCRAFT PRODUCTS, INC.
1116 BOLANDER AVENUE, DAYTON, OHIO

Circle No. 159 an Subscriber Service Card. missiles and rockets



. missile electronics

Titan Guidance Program is Accelerated
USAF's most sophisticated system draws near

operational status as manufacturer expands

by Raymond L. Nolan

Production of what is probably the

world's most sophisticated inertial guid-

ance system is currently being acceler-

ated by a large-scale expansion pro-

gram underway at the Arma division

of American Bosch Arma Corporation.

Parts of the Titan guidance and
control system—originally scheduled

for manufacture at the old Studebaker

plant at Midway Airport in Chicago
—are now being manufactured in Long
Island.

Arma is leasing space in Hicksville,

L.I. at the present, but has added 20,-

000 sq. ft. of space at its Roosevelt

Field location recently and indications

are that more space will be provided

as needed.

• Transfer helps—This transfer of

the program from Chicago has placed

Arma in a favorable position compared
to most other Long Island manufactur-
ing companies, which are definitely

feeling the pinch caused by stretchout

of their respective programs. In round
figures, Arma employed 4,800 people
prior to the stretchout, reduced to

4,500 before transfer of Chicago opera-
tions, and currently has 5,100 people
on the payroll.

Just how many of these people are

actually connected with the Titan pro-

gram is difficult to estimate, because
of the intermingling of the B-52 tail

turret work with the Titan work. How-
ever, all of the expansion is for Titan

alone.

One phase of the expansion is the

addition of a third "sterile" room for

assembly of gyroscopes and acceler-

ometers.

Projects now underway include the

installation of new air-conditioning, a
vacuum system for the sterile room,
insulated walls, drop ceiling, and tile

floors. In fact, for really critical opera-
tions, there are "sterile areas" within

the "sterile" room where only the hands
of the assembler get near the hardware.

Equipment is being installed in the

roow now, although there is no time

set for its use. The first two "sterile"

rooms are off limits for security rea-

sons, but the new room has provision

for around 70 production workers, so

this probably places the number of

people in gyro and accelerometer as-

sembly at somewhere between 150 and
200. Add to this the 1,000-odd engi-

neers and other production and test

workers for the normally-assembled

parts of the guidance system and the

spending level probably reaches some-
thing like $55 or $60 million per year.

This figure is in line with AF Bal-

listic Missiles Division's chief, General

Schriever's recent statement that the

entire Titan guidance program from in-

ception through presently-ordered pro-

duction units totals $140 millions. Ap-
proximately $51,000,000 of the funds

have been expended through the 15th

of March, 1958, with the remainder re-

flected in the Company's backlog of

military orders, currently estimated at

$165 million.

VIBRATING-WIRE type accelerometer

used in the Titan Guidance and Control

System. Two such units are used to

measure range and lateral deviation from

course.

• Guidance details—Although de-

tails of the Titan guidance system are

still classified, enough information has

been released to define the system in

a general way.

Basically, the Arma guidance and
control system comprises a Control

GUIDANCE COMPUTER from Titan System. Unit is assembled m three decks

and uses group of 6 x 9 in. circuit cards. Germanium semi-conductors are Used
throughout. Redundant connections make the possibility of failure from wiring

failures remote. —'- 1

May, 1958 22i
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Central, a Guidance Computer and a

stable platform with two gyroscopes and

three accelerometers. Information about

the Minneapolis-Honeywell elements of

the guidance and control system has

never been revealed, but M-H seems to

be connected to the pitch programming,

engine control, and in-flight stability

problems of Titan guidance and control.

The control central feeds servo

power, temperature monitoring and
other control functions to the inertial

platform.

The digital guidance computer pro-

duces control signals from received and

stored information, to keep the mis-

sile on course, and provides engine

cutoff signals to the sustainer and ver-

nier engines. The guidance computer is

assembled into three decks and occu-

pies a two-foot square, about two feet

deep.

All the circuitry is built around

solid-state elements and assembled onto

6x9-inch cards which are then en-

capsulated. Germanium transistors are

used throughout. Almost 1,000 are

used for the complete computer.

Redundant connections are used

throughout to lessen the possibility of

failure under missile flight conditions.

America's Most Complete Electrical Service

Instrumentation wiring

r
if omplete design installation

Base communication system

SHiSSILE GROUND SUPPORT SYSTEMS

551 Million Street, San Francisco, California
218 N. Avalon Boulevard, Wilmington, Calif.

2295 East Belt Street, San Diego. California
233 N. San Joaquin Street, Stockton, Calif.

484 Washington Street, Monterey, California

Circle No. 84 on Subscriber Service Card.
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While the primary purpose of the

guidance computer is to solve the cut-

off equations for sustainer and vernier

engine cutoff, it also includes the pitch

programming device with some sort of

a hook-up to the Minneapolis-Honey-

well elements of the guidance system.

This unit is a diode matrix and can

store information for a total of four

targets. If the target selected should not

be one of the four, the unit must be re-

moved and another one installed, not a

difficult operation as Anna has pro-

vided for quick removal.

Other guidance systems, such as the

Jupiter, make use of magnetic tapes

which must be changed in accordance

with the target so the relative inflexi-

bility is not unique with the Titan.

• Future development—Arma's fu-

ture plans for the guidance computer
are interesting—a two-stage program
is designed to reduce the weight from
the present weight to "something really

small," in the words of one Arma en-

gineer.

First phase of this program in-

volves sandwich construction with sili-

con elements and new standard 1/ 10th

watt resistors and will result in a re-

duced size package. Ultimate goal will

be realized with ultra-small ceramic
wafers (lxl inch) now being developed
by the Diamond Ordnance Fuze Labs
in Washington.

Another element to be miniaturized

and made lighter is the quartz delay

line which will be replaced with a

magnetostrictive delay line. Plan is to

install the new delay line around the

periphery of the units and use the

empty center for assembly of the ce-

ramic wafers. No time estimate was
given for the ultimate package, but

Arma engineers hope to have the in-

terim unit in about two years.

Information about the stabilized

platform is still in the security area,

but some details of the gyros and ac-

celerometers was released. A platform

outer shell was shown at the IRE show
in March and appeared to be about

half the size of the Thor unit described

in the March issue of m/r.

The stabilizing gyros are two-degree

of freedom, torsion-wire suspended,

fluid floated unit. The fact that each

has two measuring axes means that

only two gyros are necessary. As in

most gyros used in inertial navigation,

the spinning element is a motor, and
power is brought in through the torsion

wires.

Pickoff devices are mounted on the

motor shell and on the outer shell. Co-

CONTROL CENTRAL unit from the

Titan guidance system. This piece of

equipment, like others in system, are

manufactured by Arma division of

American Bosch Arma Corp.

HEART of the Titan guidance system

—

the two-degree of freedom, torsion-wire

suspended, fluid-floated gyroscope. Two
gyros provide the reference system for

inertial measurements.

incidence of their positions results in

a stabilization servo loop null and

keeps the gyro in proper orientation.

The accelerometers are non-gyroscopic,

and use a unique approach whose de-

scription still falls in the security area.

• Super test lab—The combined de-

velopment and production test gyro

laboratory where the gyros undergo

final inspection and calibration prior

to assembly on the platform is, in the

words of an Arma engineer, "one of

the largest and best equipped labs of its

type on the east coast."

The dominant feature of the room
is a group of six Fecker Co. sidereal

tables. The stands are mounted on six

foot high blocks of concrete recessed in

the floor and isolated from the rest of

the building to reduce any machinery-

induced vibration.

Over each stand, a hole has been

cut in the ceiling to align the units

missiles and rockets
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with the North Star as a reference.

The stands are zeroed to within 10

seconds of arc, a seemingly impossible

figure in view of their size.

In the laboratory, the gyros are

mounted in heat units to simulate the

operating temperature under which
they must operate. The constant heat

gives a constant viscosity to the high-

density suspension fluid. Temperature

is kept constant to within 0.004 or

0.005 degrees C.

While Anna realizes that such

control is not possible in the missile,

it feels that it is a definite aid in

test and calibration to keep as many
constants as possible to a precise fig-

ure so that more flexibility with un-

knowns can be gained. After mount-
ing, the gyros are kept in the heat

units all the time they are in the lab.

The original heat units were spherical

but Arma is now starting to use a
new design that is cylindrical in shape

and incorporates more advanced fea-

tures to enable easier hookup for the

various tests.

• Quality control—Another impres-

sive feature in Anna's production

setup is the quality control and en-

vironmental testing facility.

In the quality control program, a

dual effort is carried on. In one phase,

test-to-destruction methods are used

to come up with primary selections of

components.

In the other phase, large groups of

components are placed in a long-

range cycle to determine every pos-

sible fact about not only the units

used in production, but as many com-
petitive units as possible.

Rack after rack of semi-conduc-

tors, resistors, and capacitors go
through life tests under a variety of
conditions. In one test, components
are assembled on a circuit board and
run to failure at 85 degrees C.

The board presently undergoing

this test has been operating for more
than 14,500 hours, a good indication

of the reliability of the system as a
whole. In another test, typical circuit

boards are taken to Brookhaven
Atomic Laboratories and exposed to

radiation in the atomic pile there.

While the transistors showed some
deterioration after the irradiation, the

circuit boards still operated and were
well within design limits.

The environmental facilities are

extensive and allow a complete envi-

ronmental program to be carried on
within the premises. Besides such

standard facilities as hot and cold

chambers, dust, sand, humidity, and

salt spray simulators, installation is

nearly finished on a huge walk-in

Genisco rotary accelerator. The unit

has a reported specimen capacity of

400 pounds and is isolated in a sep-

arate room with beefed-up floor and
suspension.

• Boss gets credit—Much of the

dynamic character of Arma's present

operation can be attributed directly to

Charles W. Perelle, president of

American Bosch Arma for the past

few years. Perelle, whose trouble-

shooting in the past has run the gamut
from Consolidated-Vultee to ACF-<
Brill Motors, has turned Arma from
an engineering-oriented small com->

pany into one which operates effi-

ciently and delivers on time, a quality

not too common in the fast-growing

missile business today.

Arma now builds hardware on a

production line (unheard of at Arma
in the past) and uncoordinated changes
in a component after it reaches the pro-

duction line is not tolerated.

Twelve Missile Men
Killed in UAL Crash

The missile industry was hit hard by

the recent collision of a United Air

Lines DC-7 with an Air Force F-100F
near Las Vegas. Of the 47 persons

killed on the airliner, 12 were directly

or indirectly active in the missile field.

The Ramo-Wooldridge Corp. of In-

glewood, Calif., which coordinates the

Air Force ballistic missile program, lost

two top employees: Robert Hight, 36,

the company's treasurer and specialist

in administration and finance; and Wil-

liam H. Torrans, 43, mathematics spe-

cialist on ballistic missiles in R-W's
Space Technology Laboratory.

Several personnel from Gilfillan

Brothers, electronics manufacturing

firm, were enroute to Colorado Springs,

headquarters of the Air Defense Com-
mand. The group included Wendell A.

Simmons, vice president of the com-
pany; and two project engineers, John

A. Petrie and Ralph Charles Kean, Jr.

Three Air Force Officers flying to

Omaha, headquarters of the Strategic

Air Command, were attached to Ramo-
Wooldridge's missile program: Maj.

Robert E. Darmody, Capt. Steve Paris

and Maj. Lyndell T. Highly.

Four Norton Air Force Base civil-

ian employees also were enroute to

Omaha for a SAC meeting on missiles.

They were Frank R. Pebles, Charles D.

Matlock, Frank A. Theobold and Har-

old E. Thompson.

To the talented

engineer & scientist

APL OFFERS

GREATER

FREEDOM OF

ACTIVITY

APL has responsibility for

the technical direction of

much of the guided missile

program of the Navy Bureau
of Ordnance. As a result

staff members participate in

assignments of challenging

scope that range from basic

research to prototype test-

ing ofweapons and weapons
systems.

A high degree of freedom
of action enables APL staff

members to give free rein

to their talents and ideas.

Thus, professional advance-

ment and opportunities to

accept program responsi-

bility come rapidly. Promo-
tion is rapid, too, because

of our policy of placing

professional technical men
at all levels of supervision.

APL's past accomplish-
ments include : the first ram-
jet engine, the Aerobee high

altitude rocket, the super-

sonic Terrier, Tartar, and
Talos missiles. Presently the

Laboratory is engaged in

solving complex and ad-

vanced problems leading to

future weapons and weap-
ons systems vital to the

national security. Interested

engineers and physicists are

invited to address inquiries

to:

Professional Staff

Appointments

The Johns Hopkins University

Applied Physics Laboratory

8643 Georgia Avenue, Silver Spring, Md.
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NEW
DIEHL
.solves your servo packaging problems!

The DIEHL SERVOPOT is an integral combination of a

two-phase instrument servomotor, gear reduction, slip clutch,

and precision potentiometer.

Conceived with the idea of offering precision servo perform-

ance in a modular construction, the SERVOPOT eliminates the

present burden of mounting, testing and aligning separate units.

The SERVOPOT finds wide application in balancing, posi-

tioning and computing servos. Addition of an integrally-mounted

DIEHL 0.5% A.C. tachometer makes the SERVOPOT a com-
plete integrating servo.

The built-in slip clutch is factory adjusted to permit servo

operation into potentiometer stops without damage. Standard

pots featuring 0.5% linearity can be obtained in a wide range of

resistances. Single, multi-turn, and non-linear models are available,

*
Consult DIEHL for further information, including integral

mountings for resolvers and variacs.

DIEHL MANUFACTURING COMPANY
Electrical Division of THE SINGER MANUFACTURING COMPANY

Finderne Plant, SOMERVILLE, N. J.

Other available components:

A.C. SERVOMOTORS • A.C. SERVOMOTORS WITH A.C. TACHOMETERS
A.C. SERVOMOTORS WITH D.C. TACHOMETERS • A.C. AND D.C TACHOMETERS

D.C. SERVO SETS • RESOLVERS
•A Trademark of DIEHl MANUFACTURING COMPANY
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Tape Record-Reproducer

Designed for Telemetry

Telectro Industries Corp., Long
Island City, N.Y., has developed a tape

record-reproducer unit for telemetry.'

Designed for maximum flexibility, itJ

can be used for data acquisition, stor-i

age, reduction and phenomena re-l

cording.

Its modular construction provides

easy access to amplifier components for

inspection and service. It has a response.'

range from DC to 120KC. Signal-to-;

noise ratio is better than 50DB from]

FM and 40 DB to AM.
There is a selection of six speeds

from 17/8 inches per second to 120j

ips. The unit can record two to 28?

tracks simultaneously.

Carrier-based Missiles

Pose Power Supply Task
Providing electrical power for

guided missile systems aboard newl

Navy aircraft carriers is presenting some!

problems, even though present-day caM
riers have power systems 10 times

greater than those on the first carriers!

built in 1930.

The difficulty arises, according to>

Navy's Bureau of Ships, from the fact!

that missile systems require transienfrj

free power closely regulated in voltages

and frequency, and usually at voltages

and frequencies other than that of the?

ship's basic generating plant.

The Navy has found that certain i

equipment in missile guidance requires)

400-cycle power, with voltage and fre-i

quency tolerances not to exceed plus or

minus Vi % of steady-state values, withi

a recovery time not exceeding 0.1

seconds.

Such a requirement has made it
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MISSILE CHECK-OUT

TEST STAND
OPERATION

WIND TUNNEL
INSTRUMENTATION

TELEMETRY
DATA REDUCTION

The RW-300
is the first

digital computer
for test control

and data reduction

Now— at the test site— completely automatic test control and data

reduction can be handled by a single system incorporating the

Ramo-Wooldridge RW-300 Digital Control Computer. The new RW-300
can schedule and closely control test routines, and it can collect,

analyze, and record test data.

The versatile RW-300 utilizes input data as feedback to modify control

actions, thus substantially shortening many test routines. In addition, the

RW-300 directly logs both instrument data and complex relationships

among these data. Thus, test results are available immediately. The
time-consuming task of processing raw data through a separate computer,

often remote from the test facility, usually can be eliminated.

For technical information on automatic test control and data reduction

with the RW-300 and with special digital systems which utilize solid-state

components exclusively, write: Director of Marketing, The
Thompson-Ramo-Wooldridge Products Company, P.O. Box 45607,
Airport Station, Los Angeles 45, California, or call OSborne 5-4601.

THE THOMPSON-RAMO-WOOLDRIDGE PRODUCTS COMPANY
May, 1958 Circle No. 160 on Subscriber Service Card. 227



TRANS-SONICS
REG. T.M .

PRESSURE POTENTIOMETERS

Beyond the Specifications. .

.

the Total Engineering Story

Pressure Potentiometers, Type 76

Series, measure absolute pressures

of liquids or gases in ranges up to

10,000 psi. Operate accurately un-

der vibration of 1 inch double am-
plitude from 2 to 22 cps, and 25 g

from 22 to 2000 cps. Calibration

Card with 63 data points is sup-

plied with each instrument and in-

cludes 3 runs for rising and falling

pressures with and without vibration.

Specifications tell part of the story. At Trans-Sonics, Inc.,

they are only the beginning. For each basic design, three

volumes of evaluation tests are available containing thousands

of individual data points. Essential information on perform-

ance under temperature, vibration, shock and humidity is

investigated, sifted out and recorded for easy reference.

This extensive data enables the user to quickly evaluate

performance under new or unexpected environmental condi-

tions. As a result, greater design freedom is possible and

valuable engineering time is saved. Write to Trans-Sonics,

Inc., Dept. 9, Burlington, Massachusetts, for Pressure

Potentiometer Bulletin; or if you prefer, describe your operat-

ing environment and quantitative information will be provided.

TRANS-SONICS

. . . electronics

necessary to isolate each load and pro-

vide a special motor-generator set for

supply. These sets have a magnetic

clutch to regulate frequency and spe-

cially designed voltage regulators.

With these motor-generators and

other special power supplies being fed

by the carrier's basic distribution sys-

tem, care has to be taken in laying out

the system to isolate big motor loads

that would create large voltage fluctua-

tions. Such fluctuations could be re-

flected in the output of the power

supplies.

With development of suitable line

regulators and electric speed governors,

the Navy hopes that a large number of

small motor-generators can be replaced

with large centrally located motor-gen-

erators.

Varian Establishes Unit

for Radiation Equipment

Varian Associates of Palo Alto,

Calif, have formed a Radiation Division

with a staff of 24 engineers and 60

technicians and machinists.

Headed by Dr. William J. McBride,

Jr., who less than a year ago was named
to organize systems work, the new di-

vision will design and manufacture elec-

tronic equipment, components and par-

ticle accelerators.

During the past nine years, Varian's

development of high-power klystron

amplifiers has aided in the knowledge

of previously impractical techniques for

radar and communication systems. Var-

ian's new division will make equipment

for these systems. Under consideration

are high power pulse and c-w micro-

wave transmitters and transmitter com-
ponents; microwave components and

microwave test and measurement equip-

ment.

Compact Lycoming Unit

Does Giant-Sized Job
A machine little taller than a man

that duplicates and far surpasses the

shock encountered by a giant missile re-

entering the atmosphere was recently

announced by Lycoming Division,

Avco Manufacturing Corporation. The
unit can produce and accurately repro-

duce a shock of more than 100 times

the force of gravity.

In operation, shock pulses are pro-

duced when the machine's carriage,

dropped from a predetermined height,

impacts against a molded lead pellet.

Pulse shapes on an oscilloscope are con-

trolled by the size and shape of these

pellets.

Scientists tried various types of
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In Hie wind tunnel of the Naval Supersonic Laboratory at M.I.T., a missile model is subjected

to speeds of several Mach numbers. B-L-H SR-4 bonded wire strain gages report longitudinal

and latitudinal stresses, drag, lift, etc., with high accuracy.

Here's why B-L-H electronic transducers

are preferred for force measurements

There is an easy way to measure accurately any forces

involving tension or compression, torque, etc. B-L-H
SR-4® electronic transducers are compact, highly

responsive, and extremely durable. Stock units offer

lasting accuracy of ±1/10% and repeatability of

±1/20%. With appropriate instrumentation, they can

determine center of gravity, weigh loads at rest or in

motion, control batch and continuous processes, and
record all data required. The type and number of

applications are virtually unlimited.

The heart of every B-L-H transducer is its SR-4 bonded
wire strain gages. They are bonded to a metal element

in the transducer and approximately 10 milliamperes is

fed through them. They receive the same strains as the

transducer when a force is applied.

Their electrical resistance changes

in linear relationship with strain.

Voltage output can be calibrated

directly in terms of load—or fed

into any common types of instru-

mentation, such as dial indicators,

graphic recorders, digital printers, com-

puters, etc.

For more information on B-L-H electronic trans-

ducers—load cells, pressure cells or torque meters

—

ask to have a B-L-H man call on you or write to

Dept. 9-Efor a copy of Bulletin 4300.

LDWIN • LIMA • HAM ILiT Or>J
Electronics &

4ay, 1958

Instrum entation.
Waltham, Mass.

SR-4® strain gages • Transducers • Testing machines

Circle No. 161 on Subscriber Service Card.
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. . . missile electronics

metal compounds for the pellets, and

finally settled on plain plumber's lead.

With this material, the machine can

produce a wide variety of shock pulse

shapes.

The unit accommodates specimen

loads up to 40 pounds.

GE Has Monopropellant

Power Unit Ready
General Electric's Aircraft Acces-

sory Turbine Department has developed

a monopropellant hydrazine auxiliary

power unit for missiles delivering 40

horsepower for a total weight of 99

pounds, including alternator, hydraulic

pump and fuel supply. GE AATD pro-

vides a number of missiles with APU
equipment. It also has the contract to

supply North American Aviation with

the accessory power supply for the

rocket-powered X-15.

New System Measures

Atlas Weight and Thrust

A six-component thrust measuring

system—to indicate and record values

of missile weight, propellant weight,

thrust, gimballing, motor force, and
thrust mis-alignment force—has re-

cently been displayed by the Gilmore

Industries of Cleveland, Ohio.

On the Atlas installation, four of the

load cells are mounted underneath the

missile to measure weight and thrust;

the other two cells are mounted along

the length of the missile to measure

side-loading. When the missile is fired,

the unit reports the complete thrust

buildup, and if the engines are not

operating properly, the launching can

be stopped.

Forces measured by the system are

translated into values represented by
terms (a) weight and thrust, (b) pitch

moment, (c) yaw moment, (d) roll

moment, (e) XX axis sideload, (f) YY
axis sideload.

The system compensates for the

effect of sideload with respect to wind
and interaction with moments. Com-
puting equipment isolates all fixed

components. A portable calibration

unit, calibrated by the National Bureau
of Standards, is included in the instal-

lation.

At the present time, four sys-

tems are installed at Cape Canaveral

and three at Edwards AFB, California.

m/r Continues Expansion
of Editorial Staff

In preparation for maintaining

complete weekly coverage of the mis-

sile and rocket industry, m/r has added
four editorial staff members to its

Washington office. The magazine, which
will become a weekly publication in

luly, has recently added a managing
editor, several associate editors and
other members, bringing the total pres-

ent editorial staff to sixteen. Additional

appointments will be made prior to the

conversion to weekly frequency.

C. A. Hurt, assistant publisher, was
formerly assistant publisher of Tooling

and Production Magazine and has over

eighteen years experience in the indus-

trial sales and sales management fields.

Donald E. Perry, assistant editor,

was previously with The Martin Co.'s

public relations department at Orlando,

Fla. His duties with Martin included

preparation of technical brochures and
other publications. He is a former avi-

ation editor of several Southern and
Midwest newspapers.

Ellen Rosenbloom, copy editor, was
formerly with United Press and the

Bureau of National Affairs. She holds

ONLY HUCK FASTENERS CAN GIVE YOU
ALL THESE FEATURES —
• High strength in shear, tension and fatigue

• Positive mechanical locking.

• High strength to weight ratio.

• Uniform tension and positive pull-together.

• Available in all high temperature metals.

• Dependable liquid or gas sealing.

• Reliable drive-side inspection.

• Fast, economical installation.

AL
Aircraft Huckbolt

Fastener

CKL
Conical Key-

stone Lock

Blind Rivet

TAU BOLT OS
Blind Bolt Oversize

Structural

Blind Rivet

HUCK 2480 BELLEVUE A
MANUFACTURING COMPANY Detroit 7, jug
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SMALLER, LIGHTER PAM-FM SYSTEM

USES LESS POWER; TRANSMITS BETTER

Lockheed Missile Systems engineers and scientists have developed a PAM-FM
telemetering system that weighs less, is smaller, uses less power, yet operates

much more efficiently than conventional systems. The new transistorized time-

division multiplex system is being tested for use in monitoring future

flights in connection with the Division's major missile system projects.

Lockheed holds two top U.S. defense super-priority programs: The Navy
Polaris IRBM, and the Air Force reconnaissance satellite. In addition, the

Q-5 target ramjet and X-7 test missile programs have been expanded.

Qualified engineers and scientists who join our Division at this stage in its

development are thus assured better opportunities to move ahead rapidly.

Besides Telecommunications, positions are open in Radar and Data Link,

Antenna, Solid State Electronics, Guidance, Flight Controls,

Information Processing, Ground Support Equipment, Systems
Integration, Human Engineering, Reliability Engineering,

Test Planning and Analysis and Aero-Thermodynamics. If you are

qualified, your inquiry is invited. Please write Research and Development

Staff, Palo Alto 7, California.

MISSILE SYSTEMS
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION

SUNNYVALE • PALO ALTO • VAN NUYS • SANTA CRUZ, CALIF. • CAPE CANAVERAL, FLA. • ALAMOGORDO, N. M.

A report to Engineers

and Scientists from

Lockheed Missile Systems—
where expanding missile

programs insure more

promising careers

Dr. J. W. Muehlner, Telecommunications Department Manager, left, discusses proposed

packaging of the PAM-FM system with Daniel Hochman, Development Section Head.
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a B.S. degree in Journalism from Syra-

cuse University.

Thomas D. Near, editorial assistant,

has just finished a three-year tour of

duty with the Navy, where he served as

communications and personnel officer.

He holds a B.A. degree in journalism

from the University of Minnesota.

New Group Set Up On
Control Instrumentation

Electronic Associates, Inc. of Long
Branch, N.J., has entered the automatic

data processing and process control

fields by forming a control instrumenta-

tion section within the company's en-

gineering department.

Dr. Wolfgang Harries, German
physicist, who has contributed to the

design and development of aircraft and
missile control systems, advanced radar

systems, and precise generation and
synthesis, is heading the group.

The group will be concerned with

data logging, closed loop control sys-

tems, computer entry, and computer
linkage systems. For more than a year,

the company has been conducting an
intensive development program on low
lever amplifiers, transducer calibration

units, electronic multipliers, voltage-

digital converters, universal digital logic

elements, and controlled format digital

tape recorders.

Navy Breaks Record For

Conventional Aircraft
Terming the flight an "invasion of

the edge of outer space," the Navy on
April 17th announced that LCDR.
George C. Watkins, flying an F11-1F
Super Tiger jet fighter, broke the

world's altitude record for conventional

aircraft.

Taking off from Edward's Air Force
Base, Watkins took the jet up to 76,828

feet. Watkins said he was hoping to

double the record set by Lt. Apollo
Soucek, USN, in 1929. This would
indicate the Navy is shooting for better

than 80,000 feet with more or less con-

ventional craft.

The Navy said additional altitude

attempts would be made; and with im-

proved weather and temperature condi-

tions, the April 17 record might be

topped.

Watkins' altitude topped the previ-

ous record of 65,000 feet set by a

British Canberra in altitude tests con-

duted last year.

Instrument Society Sets

Sept. 15-19 Convention
The 13th annual Instrument-Auto-

mation Conference and Exhibit, spon-

sored by the Instrument Society of

America, will be held September 15-19

in Philadelphia Convention Hall.

The technical portion of the five-

day program will include workshops in

instrument maintenance, sales engineer-

ing, data handling, control systems and

computers.

The conference will show how cer-

tain industries—aviation, chemical, pe-

troleum, metals, nuclear, ceramics, and

transportation—have made new discov-

eries, processes and techniques through

the use of instrumentation and related

techniques.

The data handling workshop will

have sessions on wind tunnels, flight

propulsion, process industries, power

generation, oscillagraphic and photo-

panel data, data transmission and stor-

age, analog-digital converters, real-time

digital computer applications and trans-

ducers.

Personnel from Moore Products

Company, American Viscose Corpora-

tion, Minneapolis-Honeywell Regulator

Company, Leeds and Northrup Com-
pany and Fairless Steel Works will hold

the instrument maintenance clinic

—

always a major feature of the meeting

—on September 14-15.

missiles and rockets

Need control consoles?

jjSEP" GENERAL ELECTRIC

232

General Electric Company,

Aircraft Gas Turbine Divi-

sion, came to Industrial

Engineering Corporation

for the construction of

this Master Control Con-

sole for the Engine Simu-

lator, which was developed

by General Electric for

the United States Air Force.

IF your problem is functional test equipment

or control panels, Industrial Engineering

Corporation can supply the answer. Whether your

needs call for the use of hydraulic, pneumatic,

electric or electronic principles— singly or

in any combination— IEC has the imagination,

the know-how, the facilities to handle the job right,

from original design to actual installation.

Consult IEC on your test equipment requirements.

Write today!

^K^K INDUSTRIAL ENGINEERING

CORPORATION
525 E. WOODBINE, LOUISVILLE, KENTUCKY

Makers of GG|t?d prKSUre pro,eCli,e lleviCK
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FASTER WORK on missile logistic support is objective of Maj. Gen. E. W. Anderson
(center), commander of San Bernardino Air Materiel Area.

Computer Setup Aids Logistic Support

Semi-automatic logistic support of

ballistic missile squadrons will become
a reality when an electronic data pro-

cessing system goes into action at Nor-
ton AFB, San Bernardino, Calif.

Expected to be in daily use by
July, the installation will be one of the

largest IBM 705 data systems in the

Bworld.

Designed specifically for support of

\Atlas and Titan ICBMs and the Thor
IRBM, this processing center will ex-

pedite supply actions by connecting

the operating squadrons, supporting

AMC bases and ballistic missile con-

tractors in a communications network.

• Working process—-During normal
checkout of a vehicle at a launching

ite, some component of a missile may
be found deficient. The component is

then removed and returned to the

lupply unit of the parent squadron. In

normal procedure, the squadron issues

a replacement part to the site.

When the squadron's stock level of

part has been reduced by one, it will

be reported to the Norton management
center by an issue transaction card
communicated electronically through
in IBM transceiver.

Information from the squadron is

pplied to the computer input, and the

corresponding inventory record for the

part is located through master inven-

:ory records on IBM 727 magnetic
ape units.

When the transaction is posted to

the master record, the computer also

notes the squadron's balance.

This triggers a computer-created

shipping order on one of the 30-odd

727 magnetic tape machines, which
then directs an AF-operated contractor

storage site to ship the required quan-

tity of the replacement part to the

field squadron. This order is trans-

mitted directly to the appropriate stor-

age site by an IBM transceiver.

• Final action—Upon receipt of the

shipping order, the storage site sends

the parts requested and notes this ac-

tion with a transceiver-sent shipping

notice transaction card.

When this information is applied

to the computer, it locates the master

inventory record of the appropriate

part and adjusts the balance remain-

ing at the storage site.

A record of shipment is also made
in an in-transit file, where the quantity

is recorded on magnetic tape. An ad-

ditional in-transit notice is created on
magnetic tape and sent via the trans-

ceiver to inform the squadron that

action has been taken.

When replacement parts are re-

ceived at the squadron, it is acknowl-

edged over the transceiver. This data is

received at the management center and

fed into the computer—wiping out the

in-transit balance and increasing the

squadron's serviceable balance on
master inventory files.

The system requires about 200 full-

time personnel for efficient operation.

Under a lease arrangement, the 705
and associated equipment costs the AF
about $60,000 per month. .

lew

research

instrument

Gaertner

Ellipsometer

For the investigation and measurement

of thin films by the use of elliptical [y

polarized light.

An instrument of special interest to those

working in the field of Solid State Physics.

These instruments are currently being

utilized for the accurate measurement of

extremely thin films by the methods of

Drude, Rothen, Tronstad and others.

They are also adaptable to the study

of birefringence, index of refraction and

other characteristics and phenomena asso-

ciated with thin films and surfaces, by the

use of elliptically polarized light.

The basic instrument consists of a

modified divided-circle spectrometer

incorporating polarizing prisms and quar-

ter wave plate mounted in vertical divided

circles. A Babinet Soleil Compensator may
also be used. Film under test is placed on

the spectrometer table.

Gaertner Scientific Corporation, design-

ers and manufacturers of precision optical

and measuring instruments. 1258 Wright-

wood Ave., Chicago 14, 111. Telephone:

Buckingham 1-5335.

Write for Bulletin 203-58

Gaertner
SCIENTIFIC CORPORATION
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Shock Machine to Test

Ballistic Missile Parts

Lycoming Division of Avco Manu-
facturing Corp. will manufacture a

shock machine for testing ballistic mis-

sile components, to be used particu-

larly on the Titan.

The machine was developed by the

Research and Advanced Development
Division of Avco, prime contractor for

the nose-cone development of Titan. It

can produce, and accurately reproduce,

sawtooth-wave shock patterns of more

QUALITY
CONTROL

than 100 g's over a shock response

spectrum of 80 to 1000 cycles per sec-

ond.

The machine provides a specified

terminal-peak sawtooth pulse shape ris-

ing to 100 g's in 6 milliseconds and

then dropping to zero. It also provides

wave patterns including quarter- and

half-sine wave shocks.

From a pre-determined drop height,

the carriage hits a molded lead pellet.

By controlling the size and shape

of pellets, many pulse forms can be

obtained.

//COM Bilife~B PAS J

The specimen carriage is pneumat-

ically positioned and released for fall

by a solenoid-operated mechanism. Pel-

lets are placed on an anvil set in the

2,000 pound concrete base.

The machine accommodates speci-

men weights up to 40 pounds and a

cross-sectional area up to 12Vi inches

square. It can test many items of elec-

tronic and mechanical equipment used

in advanced ballistic missiles, and other

equipment subject to high impact loads.

Radar Monitors Atlas

Ionosphere Tests

Doppler radar will be used to

conduct ionospheric investigation dur-

ing tests of the Atlas ICBM. The
probing will be done by Space Tech-

nology Laboratories, a division of the

Ramo-Wooldridge Corp.

Three portable trailer units con-

taining Doppler radar will be spotted

at the Cape Canaveral Air Force mis-

sile test center. Scientists will investi-

gate the difference in frequencies re-

corded by the radar as the Atlas goes

through the ionosphere.

With knowledge of the missile's

speed and altitude, electron density

measurements can be obtained teni

times more precise than previously

possible.

No special test instrumentation will

be added to Atlas ICBMs for this re-

search. Presence of free electrons af-

fects guidance and radio communica-i
tion. The use of low frequency waves]

beamed into the ionosphere and
bounced back to earth are not accurate!

enough for missile and space vehicle}

studies.

New Transistor for

Very High Frequency Use
Texas Instruments Inc. of Dallas

has developed a new high frequency

diffused base germanium transistor for

commercial use. It will give high gain

missiles and rockets

When close tolerances are

demanded in Missile Components,

we can achieve this in . . .

prototype work,

in production

and in assembly.

HARDNESS TESTER
Used on all metals

OPTICAL COMPARATOR
Greatly magnifies parts

SURFINDICATOR
Electronically

measures surfaces
in microinches

Inspection is at machine operation level—every hour with

records kept for final report. Our vigilant program of Quality

Control by highly trained experts includes use of air gages
and other modern techniques ... a distinctive service which

gives Screw Products Corporation leadership in high-precision

production.

Order your automatic and prototype parts where you

get real efficiency, economy and personal service.

SCREW PRODUCTS
Corporation of America

"Largest and best equipped strew machine plant In the West"

5211 SOUTHERN AVE., SOUTH GATE, CALIF. • TEL. LOrain 6-5141
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DESCRIPTIVE DATA

•RANGE: Up to ±60 G full scale.

• DAMPING RATIO: 0.6 ±0.2
(from — 65°F. lo +175°F.).

• LINEARITY: 1 % of full scale.

• PICKOFF: Can be provided with

2 potentiometer pickoffs

(center taps optional).

• SIZE: V/u" dia., 3V4" long.

•WEIGHT: 1 lb.

LINEAR ACCEL EROMETERS

mr Aircraft and Missiles

oneywell Linear Accelerometers of the Type LA-500
are true linear, non-pendulous type instruments, inherently

ensitive to cross-coupling accelerations. These instruments are

vailable in a variation of ranges from ±1 G to ±60 G and can be
provided with two potentiometer pickoffs. Essentially constant damp-
ing is maintained automatically throughout the entire operating range

of — 65°F. to + 175°F. No warm-up time is required.

The combination of constant damping, high performance, small

size and ruggedness makes Honeywell Linear Accelerometers
of the Type 500 Series ideally suited for aircraft and missile appli-

cations where the most severe environmental conditions are en-

countered. Write for Bulletin LA-500, Minneapolis-Honeywell, Bos-
ton Division, Dept. 45, 40 Life Street, Boston 35, Mass.

Honeywell
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Any Size . .

.

Any Shape . .

.

Infrared domes and windows in one piece,

in diameters up to 18 inches— with the un-

matched optical and mechanical properties

of SERVOFRAX 8 — are being produced

and delivered NOW by Servo Corporation.

Servo Corporation's infrared division

is the only organization producing IR opti-

cal elements of such size and performance
factors . . . and in multi-segment elements,

there is practically no limitation on size.

SERVOFRAX, developed in the in-

frared laboratories of Servo Corporation

of America, is the arsenic trisulfide "glass"

that has unmatched infrared transmission

qualities . . . completely covering the spec-

trum of 1.0 to 12.5 microns— from the

near to the far infrared.

This unequalled ability in designing and
fabricating IR optical units is a natural

dividend from Servo Corporation's pioneer-

ing role in ail phases of infrared systems.

In devising and manufacturing elements

and other components, right on to the in-

tegration of IR sub-systems into over-all

weapons systems— Servo Corporation's

experience and capacities provide leader-

ship without challenge.

For further facts on IR optical ele-

ments, write for SERVOFRAX data sheet,

TDS-R-40. You will also wish information

on Model 1380 Infrared Radiation Stand-

ard, in publicationTDS- 1380 that describes

the accepted standard for testing and cal-

ibrating infrared systems and components.

For specific information about your
need, consult our applications engineering

staff. Please write:

CORPORATION
of AMERICA

20-22 Jericho Turnpike. New Hyde Park, L. I., N. Y.

Servo Corporation produces IR
elements for almost any applica-
tion: in IR Detection Systems,
Special Purpose Equipment, and
Industrial Process Equipment.
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. . . missile electronics

at frequencies ideal for television IFs,

radio RFs, and high frequency oscil-

lators.

Featuring a 200 megacycle (typical

maximum frequency of oscillation) and
a 90 megacycle (typical alpha cutoff

frequency), this PNP transistor delivers

50 db gain at one megacycle and 13

db gain at 50 megacycles. In the 43
megacycle IF amplifier circuit, the

transistor provides 15 db typical device

gain and 20 milliwatts available unit

output.

The transistor's switching time of

25 millimicroseconds in a non-saturated

circuit configuration makes it applica-

ble for high speed computer applica-

tions. It has a -30 volt breakdown volt-

age and 40 milliwatts total dissipation

at 25°C.

New Ground-To-Ground
German Rocket Developed

H. G. Mebus, former Enzian rocket

engineer, has developed a new ground-

to-ground rocket designed for anti-tank

use. Using a hypergolic bipropellant

system, the pressure-fed rocket motor
has the following characteristics:

Empty Weight, lb. 13.2

Propellant Weight, lb. 8.8

Total Weight, lb. 22
Diameter, in. 4.9

Length, in. 37.4

Booth Thrust, lb. x sec. 1 10x3

Sustainer Thrust, lb. x sec. 44-66x20-30

With such a motor, a typical AT
rocket would be:

Powerplant Weight, lb. 22

Tanks, Frame, Fuselage, lb. 6.6

Guidance, lb. 6.6

Warhead, lb. 4.4

Total Weight, lb. 39.6

Velocity (after 3 sec),

ft./sec. 262

Burnout Distance, ft. 3950-4400

Free Flight Distance, ft. 3280
Total Range, ft. 7200

Both cooled and uncooled motors

are being tested. The rocket will be
produced by Mebus Holz and Metall-

bau, OHG.

ARDC Project Space Track

Conducted From Cambridge
Air Research and Development

Command is conducting its project

Space Track from the Air Force Cam-
bridge Research Center at Bedford,

Mass. The project, established last No-
vember, is intended to provide com-
plete tracking of all artificial earth

satellites.

Under Space Track, observational

data is exchanged with the Smithsonian

Astrophysical Observatory, which has

primary responsibility for the optical

tracking program of the IGY satellite

program.

High-power beamed radars will be

used to increase the number of times

when orbital fixes can be obtained.

Radars will be located at Millstone

Hill, Laredo, and the Stanford Re-
search Institute. Several AF contractors

are reported to be developing passive

infrared detectors to increase the num-
ber of satellite observations.

Bomarc Ground Support

Equipment To Be Built

Food Machinery and Chemical
Corporation today announced the re-

ceipt of a production contract from
Boeing Airplane Company, Seattle, to

build launcher-erectors and power-pack
units for the Boeing Bomarc intercep-

tor missile.

The number of units involved was
56; the dollar amount of the contract

was $1.4-million or $25-thousand per

unit.

The Bomarc ground support equip-

ment will be built at FMC's Ordnance
Division facilities in San Jose. This

division is also producing the trans-

porter-erector and launching base for

the Air Force's IRBM Thor under a

contract awarded in February by Doug-
las Aircraft Company, Inc., Santa

Monica.

FMC's Ordnance Division is also

producing the Hawk loader vehicle for

Northrop Aircraft, as part of the

Army's Hawk weapon system.

Committee on Electronic

Weapons Reorganized

The Engineering Department of

Electronic Industries Association re-,

cently announced reorganization of its

Reliability Committee to provide a

more dynamic coverage of the field of

electronic weaponry and allied fields.

Renamed the Military Electronic

Applications Committee; the new com-
mittee will have as chairman L. M.
Clement, of Avco Manufacturing Co.

In addition to the Committee re-

designation, subcommittees have been
established and their new chairmen

announced as follows:

Reliability—L. M. Clement.

Maintainability—Maj. Gen. F. L.

Ankenbrandt of RCA.
Value Engineering—Rear Admiral

R. S. Mandelkorn (USN-ret.) of Lans-

dale Tube.

missiles and rockets



Announcing, .

.

Two new

Titanium alloys

for high temperature

MST 821 ...the highest strength weldable sheet & bar alloy In 400— 1000°F range

MST 2.5AI-16V. . . the first readily formable, heat treatable sheet alloy

Two new alloys developed by Mal-
lory-Sharon now extend the high
temperature usefulness of titanium.

MST 821 is a weldable sheet and
bar material with exceptional high

temperature strength. It offers

strengths equivalent to similar ti-

tanium alloys at temperatures two

hundred degrees higher, in the 400

to 1000°F range. MST 821 is ther-

mally stable, and has good ductility

and formability.

mst 2.5AI-16V was developed in

response to needs of the airframe
industry for a sheet alloy which

would be soft and formable in the

annealed condition, and which could

be heat treated, after forming, to

high strengths while retaining duc-

tility. With this material, yield

strength can be as low as 50,000 psi,

to permit easy fabrication, then in-

creased to 150,000 psi by heat treat-

ment. Age hardened sheet has good

short-time hot strength— about
100,000 psi yield strength up to 800°F.

These alloys, now in limited com-
mercial production, are further evi-

dence of rapid advances in titanium.

Use Mallory-Sharon's outstanding

technical experience and service on
your present requirements— or
future plans—in titanium.

METALS CORPORATION NILES, OHIO

Integrated producer of Titanium • Zirconium • Special Metals
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MICRO-CLEANLINESS
THROUGH ULTRASONICS
DEPENDABILITY in flight rests on

micro-cleanliness at every stage of

component fabrication, testing and

assembly. SONOGEN® Ultrasonic

Cleaning Equipment is the efficient,

use-proven means to a smooth as-

sembly and dependable functioning.

Valves, piping, controls, servos, fil-

ters, instrument components, are

"microscopically" cleaned in the

SONOGEN® H-50.

All-stainless-steel, controls on back

panel, full access to "works" beneath.

Connects to power, water, air lines,

and drains, with hot and cold faucets,

water and air sprays. Rugged gener-

ator with only one vacuum tube con-

verts 110V-60C to pulsed 38-kc/s RF
cleaning power. Either or both sink-

tanks may be activated. Solvent filter-

ing and re-circulation also available.

Write for full details.

Ultrasonics Exclusively since 1 946

BRANSON ULTRASONIC CORPORATION
33 Brown House Road • Stamford • Connecticut * DAvis 4-6721
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from research, design, development and manufacturing

from PROPELLEX
A NEW
SOURCE OF
FLIGHT TESTED
COMPONENTS

explosive bolts, frangible studs

serving as prime contractor to the

U. S. Government and to the nation's

aircraft and missile manufacturers.

Engineers and scientists with vision and ability

are invited to investigate the opportunities at
Propellex.

Write today for

free booklet

describing our

facilities, "This

is Propellex".
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Air Force Investigating

New Detection System

The Air Force is trying to de-

termine the feasibility of using electro-

magnetic radiation as the basis for a

passive ICBM detection system that

would pinpoint a long-range missile fir-

ing within two minutes of takeoff. The
method would obviate the necessity of

waiting until a missile reaches extreme

altitudes before detection by powerful

radars.

The new system, far from perfec-

tion but technically feasible, is still

hamstrung by the "line-of-sight" restric-

tion that limits the effectiveness of

radar, but it shows great potential for

a breakthrough in this area.

Being passive, the system eliminates

the requirement for huge amounts of

power needed for installations such as

the 21 -million-watt radar recently de-

veloped by Cornell Aeronautical Lab-

oratory, Inc.

The Air Force has already con-

tracted for the study of steerable beam
linear arrays for a missile-borne target-

seeker antenna system. This is part of

a three-phase contract awarded to TRG,
Inc., New York.

The other two phases of the TRG
contract also involve electromagnetic

radiation research, including study of

the Zenneck wave, a phenomena re-

ported to be the solution to propagation

around the earth.

Excitation of the Zenneck wave re-

sults in detectable radiation, but the

rate of attenuation is undisclosed. The
wave can exist at almost any frequency,

but most likely has practical applica-

tions at low frequencies. Excitation of

the Zenneck wave is possible in several

ways, but rocket exhaust characteristics

are most applicable to the Air Force

detection concept.

On takeoff of an ICBM, tons of

chemicals emerge from the rocket ex-

haust in the form of ionized gases,

which radiate on frequencies dependent

upon the nature of the molecules and

their temperature.

This is basically known as "white

noise" and is detectable, but so far only

in "limited ranges." There has been no

elaboration on what the Air Force calls

a "limited range."

The Navy recently disclosed that it

has information on an "amazing" new
breakthrough in global detection that

was made possible by the two Soviet

Sputniks.

The processes of ion emission re-

ferred to by Rear Adm. John T. Hay-
ward are possibly connected with the

similar Air Force project. In testimony

missiles and rockets



Up in the Ionosphere

. . . about

Forming Problems

in New Alloys

for

Space Projects?

Spincraft has
down-to-earth
solutions —
in

Metal Spinning
and Fabricating
for your
Missile program

Write for Engineering Aid on Metal-Formed Rocket and

Missile Components.

4123-E West State St.

Milwaukee 8, Wisconsin

Phone: Division 2-0730
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INSPECTION

PROBLEMS? ^
This booklet is for yoy! '\

This comprehen-
sive, elaborately

illustrated booklet
provides practical infor-

mation on the use of the

famous A. C. M. I. Bore-

scope in various industries,

for the inspection of inte-

rior areas or surfaces not

otherwise visible—together

with full data on the types

of Borescope available,

and on their care and
maintenance. Have you
received your copy?

ro dhwucan Cystoscype JtlaHeis,Jrw.

8 PELHAM PARKWAY PELHAM MANOR, NEW YORK
Gentlemen: Please send me without obligation a copy of

your booklet on Borescopes.

Name-

Address-

City_ .State-

NOW/ more than ever, the
VINCO OPTICAL DIVIDING HEAD

is needed for proving
tooth spacing accuracy

Tooth spacing accuracy of

a 22.500", 720 tooth gear,

produced by Vinco, being

checked on a dividing

head.

GEAR SPECIFICATIONS
720 teeth; 32 diametral pitch; 14'/2°

pressure angle; 22.500" pitch diam.

Tolerances Specified Measured

Total composite error .0006" .00035"

Total index error .0007" .0002"

GUARANTEED ACCURACY-2 seconds of arc. SPINDLE
RUNOUT less than 25 millionths of an inch. Such accuracy

is a "MUST" as a final inspection authority on aircraft

precision components, critical parts and assemblies of

missile guidance systems, precision gear trains, index

plates, cams, automatic controls, the calibration of involute

checkers and master involutes. Either cast iron or granite

surface plates available onVinco dividing heads. All Vinco

surface plates have a flatness accuracy within .0002".

Model 55—38 is available either with a
20" x 40" surface plate; capacity between

work centers 22", or a 20" x 72" surface

plate; capacity between work centers 54".

Both have a work swing of 12%" dia.

The heavy duty dividing

head is built to handle

work with a swing up to

24W dia. Surface plate

is 36" x 72". This model

has the same accuracy

as the standard model.

Send for

brochure giving

all details.

VINCO
9111 Schaefer Hwy.
Detroit 28, Mich.
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MILITARY

MODEL 355-C
METER -RE LAY

Want 'em

Rugged 355-C control
relay meets or exceeds
the following

:

Shock test: Total of 18 impact
shocks of 15 G's.

Water tightness: submerged in

tap water at a pressure of 2'A."

mercury for 5 minutes.

Dielectric strength: 1000 volts

RMS at insulated parts.

RUGGED *?

UP TO 20,000,000 OPERATIONS ! !

Vibration: Survives 10-55-10 cps,

.060 amplitude, 1 minute cycle,

1 hour, 3 axes.

Corrosion: Passes 50 hour salt

spray (QQ-M-151aJ.

Contacts: Rated 100 Ma, in-

sulation to signal coil rated 300

volts DC.

Description: Has a set of con-

tacts in series with locking coil.

Signal and locking coil, both on

moving structure, lock pointer

contacts positively. Resets when
contact circuit is interrupted.

apt
embly Products Inc.

Chesterland 88, Ohio

W Booth 307, Automation Exposltior
June 9-13, New York Coliseum
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TOTAL TE

315 NO. ABERDEEN STREET CHICAGO 7, ILL.
Sales Representatives throughout the United States and Canada
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INACCURACY IS COSTLY!
check your

THRUST STANDS
TESTING MACHINES
DYNAMOMETERS
WEIGHING SYSTEMS

with MOREHOUSE PROVING RINGS
Inaccurate force measurement sys-

tems waste time and money. For maxi-

mum accuracy, be sure to calibrate your

systems regularly with a MOREHOUSE
PROVING RING ... the industry standard

for over 30 years. Every MOREHOUSE
PROVING RING is calibrated and certi-

fied by the National Bureau of Standards.

The MOREHOUSE UNIVERSAL CALI-

BRATING MACHINE (left) facilitates the

calibration of compression and tension

type load cells in capacities ranging from

10,000 lb. to 100,000 lb.

Learn the construction, operation and
application of proving rings . . . write

today for the 16 page book, "THE
A B C's of ACCURACY."

MOREHOUSE MACHINE CO.
1742 Sixth Avenue • York, Pa.
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AERO-POT*
- miniature! humidity proof!

Mechanical — all metal structure.

Stability — 10 to 60 ppm/°C.
Environment — passes MIL-STD-202,
method 106.

Power — 4 watts at 25°C. Derates to

zero at 190°C.

Resistance -100 to 100,000 ohms.
Size-1.257 x .330 x .242 -.003.
1 .000 mtg. centers.

Comprehensive data on the Aero-
Pot Model 925 and other Aero prod-

ucts will be sent to you on request.

AERO ELECTRONICS CORP.
1657 WEST 134TH STREET, GARDENA, CALIF

Circle No. 77 on Subscriber Service Card.
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Ideas for your Engineering File

. . . electronics

before the House Outer Space Commit-

tee, Admiral Hayward said that objects

traveling through space leave "ion

trails" which are detectable.

SAC Center To Plot

ICBM Trajectories

The Air Force's Strategic Air Com-
mand is building an underground mis-

sile control center at its headquarters,

Offutt AFB, Nebraska, for the plotting

of ICBM trajectories. The center will be

an underground addition to the present

SAC control center, and is expected to

cost about $800,000.

The centralized operation will be

manned by the Air Force's first mis-

siles target squadron, now in training.

The concentration of men and com-

puters at the Offutt headquarters is ex-

pected to result in more economical op-

eration and better utilization of the

specialists.

A SAC spokesman indicated that

work also will begin on a three-story

superstructure over the target trajectory

center to house an air-combat intelli-

gence operation. An additional 60,000

square feet will be available to the SAC
control center as a result of this new
construction.

The new underground facility will

not be designed as a heavily fortified

and protected operation. However, the

weight of the equipment calls for in-

terior floor loads of 250 lbs. per square

foot, as compared with a 65-lb. load for

the rest of the center. This necessitates

substantial construction, which will in

itself afford a high degree of protection.

Telemetering Conference

In Baltimore, June 2-4.

A national conference on telemeter-

ing is scheduled to be held in Baltimore

on June 2-4. The conference, which will

highlight discoveries made by man-
made earth satellites during the Inter-

lational Geophysical Year, is sponsored

)y the American Institute of Elec-

;rical Engineers, the American Rocket

Society, the Instrument Society of

\merica, and the Institute of Aero-

autical Sciences.

The IGY program will deal not only

vith radio and wired telemetering, but

vith the newer medium of transmission,

ionic telemetering. Telemetering in the

;eneral fields of oceanography, astron-

>my, cosmic ray and rocket sounding

tudies also are on the agenda.

Featuring the IGY, papers will be

resented by telemetry experts from the

J.S., Switzerland, England, France,

taly, and possibly Russia.

MAGNETIC TRANSDUCERS

(3 A precise way to solve

your speed measurement problems...

FERROUS

METAL GEAR

ELECTRONIC

COUNTER

COIL&
POLE PIECE

a
* PERMANENT
MAGNET

|QQ

Electro Pickup Components

PROBLEM, to measure turbine speeds

up to 100,000 rpm

SOLUTION:

O

RPM =

o

a Locate Magnetic Pickup adjacent to

the teeth of any convenient gear used

in the machine—or add a small bit

of magnetic material to a non-

magnetic rotor.

b Feed output of Magnetic Pickup di-

rectly to electronic counter. Set

counter to count for a suitable time

—

such as 1 second (1/60 minute).

Displayed count -=- pulses per rev. (no. of teeth)

counting time (minutes)

Accuracy depends on three factors:

1 Accuracy of the counter
(usually ± 1 digit).

2 Length of counting time.

3 Number of pulses per revolution.

Example:

60 tooth gear providing 60 pulses per revolution

with a count of 1 sec. (1/60 min.) will produce an

accuracy of ± 1 rpm at any speed, (counter reads

rpm directly with this set-up). If counting time is

increased to 10 sec. . accuracy will be ± 1/ 1 rpm.

Sub-Miniature

3055

ACTUAL
SIZE

W-40 Mounting Threads

0.14 oz.

Use to Actuate,

Provide Telemeter-

ing Data, Indicate,

Control,

Synchronize

Electronic counters

Relays

Missiles

Motion

Speed

Vibration

Torque

Electric devices

Mechanical operations

Others

ELECTRO PRODUCTS LABORATORIES
4501-K N. Ravenswood Ave., Chicago 40/ III., LOngbeach 1-1707

Canada: Atlas Radio Ltd., Toronto

Proximity
Pickups

Dynamic
Micrometer

Sensing Elements

for Control

Counting

Speed and Displacement

Measurements
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For RADIO Communication

VESTO'S
^HURRICANE-PROOF TOWER

IMMEDIATE
DELIVERY!
on 10 Stock Sizes

22 ft. to 100 ft.

COMPLETELY
Self Supported

Safe! No Guy
Wires!

proven;
Used for years by
various branches

of the U.S. Govt.

EASY
TO ERECT!
Can be erected on
the site by your

own maintenance

crew. Will support

heavy antenna

arrays

rugged;
Completely Hot

dip Galvanized

*No Vesto Tower
Has Ever Been
Damaged by
Hurricane

VESTO CO., inc
20th and Clay

North Kansas City, Missouri
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VARIABLE FREQUENCY
MOTOR GENERATOR SETS
ADJUST 360 to 440 CPS.

Generator mounted controls
include reset buttons, limit
switch. Motor and generator
remain stationary. Variable
drive pulley adjustment con-
trolled by small motor. Re-
mote control panels avail-

.."js-TvM*.?. able.

PRECISE

CURRENT

for your

TESTING

NEEDS!

Units can be equipped with

synchronous motor starter and
magnetic amplifier, auto-

V matic voltage regulator

KATO 400 CYCLE
MOTOR GENERATOR SETS
NOW UP TO 250 KWI

KATO MOTOR GENERATOR
SETS are available In fre-

quencies, speeds and sizes for

•very specialized use . . . op*
erating high cycle tools, test-

ing components and electronic

equipment.

INPUT
60 CYCLES

OUTPUT
400 CYCLES

WRITE FOR NEW FOLDERI

Buildmof Fine Electrical Marinery$W 1928

1489 FIRST AVENUE, MANKATO, MINN.
Circle No. 80 on Subscriber Service Card.

m/e briefs

RCA is believed to be supplying the

electronic payload for the Army Bal-

listic Missile Agency's projected recon-

naissance satellite. This project re-

portedly has priority over any other

space flight program at the Agency.

Army claims the advantage of its sys-

tem is a 50-mile overlap, while the Air

Force proposal includes a 100-mile gap

in viewing.

USAF Gen. Irvine says that there is

now a "vigorous program" underway to

extend the life of the AF WS-117L,
(sometimes called Pied Piper), by de-

veloping secondary power sources in-

cluding nuclear power and solar energy.

Reported limiting factor now on
accelerating missile tests is instrumen-

tation needed to permit simultaneous

countdowns on more than one missile.

Army Signal Corps has awarded
RCA a $5-million contract to follow up
on a purported major breakthrough in

miniaturization. The term is for two
years, and RCA is to develop a "micro-

module" concept to the point where
existing electronics systems can be pro-

duced in one-eighth their present weight.

DOD has formed a standardization

committee to work with guided missiles.

The group will develop and recommend
missile standardization plans for the as-

sistant defense secretary for supply and
logistics. Details appear in DOD direc-

tive 5126.20.

The Small Business Administration

has a list of 500 military prime con-

tractors who received $10,000 or more
in government business in FY1957.
Companies seeking subcontracts in ex-

perimental, developmental, and re-

search fields may have the list upon
request.

One reason for the firing delay of

Explorer IV is the incorporation of

a new experiment based on information

received from Explorer III. One spec-

ulation is that this information would
concern the science of testing electro-

magnetic waves

B/Gen. Beverly H. Warren says

about 50% of AF's procurement dol-

lars are going for electronics.

21st Century Electronics has a new
12,000 square-ft. lab facility in Palm
Springs, Calif, for R&D into missile

systems and IR proximity warning de-

AVCO Research Laboratory has

miniaturized bh gauges

This bourdon helix gauge, de-

signed fortheBendix built "Talos"
missile, has no external fittings.

Fits into a 1" space, and bolts

directly through the dial face.

When you need specially de-
signed pressure gauges, consult

Glassco, a pioneer in miniaturized
pressure gauges.

For details, ask for Bulletin G-lllt

Instrument Company
660 S. Fair Oaks Avenue • Pasadena 2, California
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MACHINE WORKS
5454 NORTH W0LC0TT AVENUE
Chicago 40, III., Phone: LOngbeach 1-7693

Circle No. 82 on Subscriber Service Cord.
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The almost instantaneous return to normal of the new low-silhou-

ette Cat power unit under conditions of full-load application, and
load rejection (117.4 volts), is shown in the above graph.

Low-silhouette Cat power unit with close voltage regulation is

now being used in connection with ground support for jet starting

and firing. The 400-cycle phase is specifically adapted to missilry.

Caterpillar power fires Snark . . . first U. S. intercontinental missile

The U. S. Air Force Snark SM-62, the first U. S.

intercontinental guided missile, is fired with power

from an electric set, developed by Caterpillar and

now being supplied to the military.

The full designation of this specialized power

unit is Caterpillar 60 KW 400-cycle 120-208 voltage

low-silhouette portable ground support unit with

precision voltage regulation.

The secret of this unit is the almost instantaneous

recovery to both applied and rejected loads.

Other advantages found in all Caterpillar En-

gines include: trouble-free operation over a wide

range of loads; dependability and long life; economy

of operation; maintenance and operation by un-

skilled personnel ; world-wide parts and service, and

the ability to operate on any fuel from JP-4 through

No. 2 furnace oil.

Creative engineering and quality of manufacture

have made Caterpillar the diesel leader for more

than 25 years. For detailed information on the Cat

60 KW 400-cycle portable power unit with close

voltage regulation, send in the coupon below.

Engine Division, Caterpillar Tractor Co., Peoria,

111., U. S. A. Caterpillar and Cat are Registered Trademarks of Caterpillar Tractor Co.

BV CAT E F=l F=> I L_ L_A FR

Dept. MI5, Engine Division

Special Governmental Projects

CATERPILLAR TRACTOR CO., Peoria, Illinois, U.S.A.

Please send me additional detailed information on Ground

Support Electric Sets.

Name-

Base (or Firm)-

Ad dress

City -Zone -State-
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MARTIN -DENVER

1 has created an Applied Re-
jj

1 search Section for which the |
I following specialists are re- §
I quired. Education require- 1

ments in all cases are a 1
| Ph.D. Experience should be j
| heavy enough to permit in- |
1 dependent research activity jj

1 with a minimum of super- j
I vision: I

I • Solid State Physicist to work j
on electronic devices.

1 • Nuclear Physicist with ex- J
H perience in nuclear propul- J
1 sion and general applications %
m of nuclear power.

( • Applied Mathematician with

B experience in computers,
j|

m aerodynamics, trajectories, jj

fj etc. Must be a senior man. (

I • Magneto-Hydrodynamicist to |
I do developmental work in m

advanced propulsion systems. B

| • Information Theory and Noise J
1 Analysis Engineer experi- jj

g enced in mathematical anal- |f

B ysis and theoretical elec- J
( tronics.

m • Engineer experienced in ad- M
vanced propulsion techniques

j|

a such as ion motors, free radi- |
- cals, etc.

J • Physicist experienced in re-

1 entry field, familiar with (
jj problems of radiation from jj

g high temperature gases, hy- jj

g personic flow, etc.

1 Write giving complete de- 1
1 tails of education, experi- |
I ence (including personal

jj

1 technical accomplishments) |
and salaries earned to:

| DAVID POTTER J-10 j

( MARTIN -DENVER
|

P. O. Box 179

DENVER 1, COLORADO
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pushed hydrogen and deuterium to

velocities of 500,000 mph using ex-

perimental pulsed electro-magnetic ac-

celerators.

Thinking of the kind prior to a

breakthrough is evident in the gyro field

lately. One device, the electron gyro-

(not yet built), would accelerate elec-

trons to relatavistic speeds within a

closed circular field. Another, the elec-

trostatic gyro, would work by spinning

a freely suspended solid sphere con-

centrically within another sphere, and
measuring the electrostatic field dis-

placement as the spinning sphere is

moved toward the wall of the external

sphere.

Lt. General Arthur G. Trudeau,

Army Chief of Research and Develop-

ment, will head the military delegation

at a series of closed discussions on

"Electronics on the Battlefield." Meet-

ings are being held for key military and

scientific leaders at Fort Huachua from

April 29 to May 1. The event is the

sixth in a series arranged by Army's

R&D chief, dealing with overall R&D
problems in the Army.

ON PYLON of the Fouga 170 Magister
is Nord Aviation's SS-11 missile. The
plane carries two missiles, which can be
equipped with either armor piercing or
shrapnel warheads, for use in ground-to-
ground, air-to-ground, and air-to-air com-
bat. Minimum firing distance is 1,968 ft;

maximum 11,428 ft.; except when used
as a target missile where the most fav«r-

able distance is 4,920 ft. Tests show that

for ground firing, aircraft altitude can be

between 3,280 and 4,920 ft. for firing

along the center line. Lower than this,

a difference of 10-20 degrees is en-

countered between the trajectory of the

aircraft and that of the missile. Beyond
45 degrees, firing is not precise.

CLASSIFIED SECTION
Undisplaced Advertising: $1.30 per line, minimum charge $4.00. Cash with order. Estimate

30 capital letters and spaces per line; 40 small lower-case letters and spaces per line.
Add two lines If Box Number Is Included in Ueu of advertiser's name and address.

Displayed Advertising: $15.00 per column Inch. Space units up to full page accepted
In this section for classified-type advertising.

Issued monthly. Publication date 1st of each month. Forms close the 10th of the month
preceding the month of Issue. Address all correspondence to Classified Advertising
Department, Missiles & Rockets, 1001 Vermont Ave., N.W., Washington 5, D.C.

Your ad here will be seen by

over 23,000 of the most in-

fluential men in the missile

market.

AN FITTINGS & HARDWARE
Stainless, Aluminum, Brass, Steel. All siies-

immediate delivery from world's largest shell stock.
Buy direct from manufacturer. Lower prices

—

quicker service. Send for free wall charts showing
complete line of AN & MS fittings and hardware.
We also machine parts to your own special print.

COLLINS ENGINEERING CORPORATION
9050 Washington Blvd., Culver City, California

Binoculars & Scopes
Repaired

WE REPAIR & MAKE REPLACEMENT PARTS
FOR ALL 126 MAKES BINOCULARS

Mech. Parts; Lenses & Prisms—Transits, Telescopes

SINCE 1930

MD. PRECISION INSTRUMENT & OPTICAL CO.
MANUFACTURERS OF OPTICAL TOOLING EQUIPMENT

12 E. Lanvale St., Baltimore 2, Md. • MU 5-4789

missiles and rockets



EMPLOYMENT

G I M EE E Ft S ,

A. program that is

attracting some of
the best minds in
electronics now
callsJbr additional

creative engineers

GUIDANCE
SYSTEM FOR
AIR FORCE
ICBM ATLAS
UNDER DEVELOPMENT
AT GENERAL ELECTRIC

There is an unprecedented challenge for

electronic engineers in developing the

command radio-radar system for Atlas.

Portions of this system must achieve

accuracies on order of 1 part in 10 million

. . . and maintain them without degradation

under the extreme conditions of shock,

vibration and temperature encountered

during an ICBM's blast off and acceleration

along the initial portion of its trajectory.

Men who can work to these stringent

operational requirements will be well

equipped to handle still more demanding

"command" problems. As the Manager of

General Electric's Missile Guidance Section

said recently: "With this job behind us,

there will remain no significant obstacle

to the practical guidance and navigation

of other space vehicles."

Current opportunities at the Section are

at all levels . . . and exist in practically

every phase of the program.

If your field of special competence

appears in the list below there may be

a position open to you, with high

professional implications for the future.

Systems analysis, evaluation & integration •

Systems and component reliability • Transistorized

circuits, pulse circuitry, IF-Video circuits • RF and

Microwave components & plumbing • Communi-
cations control devices • Doppler radar design &

development • Digital data processing techniques,

data transmission involving D & D of ground-based

& airborne antennae, transmitters, receivers; appli-

cation of transducers, transponders, etc. • Test

operations, including planning, range instrumentation

& test execution; development & application of

automatic test equipment.

Positions are at Syracuse and Utica, N. Y. facilities.

Please address your resume to

Mr. E. A. Smith, Dept.5-G

If your qualifications approximate job "specs,"

he will arrange a convenient interview.

MISSILE GUIDANCE SECTION

GENERAL ELECTRIC
Court Street, Syracuse, N. Y.

May, 1958 Circle No. 167 on Subscriber Service Card



EMPLOYMENT

ENGINEERS

how fast are you

moving ahead

in the most

demanding

and most

•ewarding

field.

. . . but it may be the most significant

book you've ever read
There's a whole new way of life for

you between the covers of "Oppor-
tunities Abound at Bendix Missiles"

—and a three-cent stamp will bring

it to you by return mail. If you have
the qualifications, Bendix can offer

you an enviable career in the guided
missiles field, working with men who
have been responsible for some of

the most significant missile engineer-

ing advances of recent years.

At Bendix, you will be in a major
missile program. Bendix as prime
contractor has responsibility for the

Talos guided missile, one of our
most vital defense weapons. Using

the finest equipment, you'll learn

fast and grow fast, both profession-

ally and financially. There's oppor-

tunity here—opportunity to do im-
portant, stimulating work.

You'll like living in the Middle
West. The climate is pleasant and
Chicago, Lake Michigan and other

fine recreational areas are easily

accessible. There is also opportunity

locally to pursue graduate engineer-

ing studies. Mail the coupon below.

The book may not be a best seller,

but it has been the instrument which
started many a talented engineer on
a fine career in engineering.

MISSILE ENGINEERING

Now
is the time

to see what

the rapidly

expanding

GUIDED

MISSILES

DIVISION
OF REPUBLIC AVIATION

offers able engineers

in diversity of problems &
professional advancement.

This division is working concur-

rently on new concepts for the

"next g eneration" of more
sop histicated missiles as

well as toda y 's advanced
weapons systems.

Positions now open for experi-

enced engineers in R&D and

Proposal Groups in:

Electronics

Flight Control

Aerodynamics

Operations Research

Weapons Systems Analysis

Instrumentation

Infrared Systems

Guidance Systems

// you have related experience,

please sendcomplete resume to:

Mr. Paul Hartman,

Engineering Employment

GUIDED MISSILES DIVISION

rim fgMMfM **z 1 i */% rMtj
223 Jericho Turnpike

Mineola, Long Island, N. Y.

missiles and rockets

CONTRACTOR FOR THE TALOS

I

246

MISSILE
1

Bendix Products Division—Missiles

412R S. Beiger St., Mishawaka, Ind.

Gentlemen: I would like more information concerning opportunities in guided

missiles. Please send me the booklet "Opportunities Abound at Bendix

Missiles."

NAME

ADDRESS.

.

CITY



EMPLOYMENT

ENGINEERS 8c SCIENTISTS

Mmm

SYMBOL OF ADVANCED
THEORY AND RESEARCH IN
THE GUIDED MISSILE FIELD

The increasing emphasis on the ICBM and IRBM programs continues to

create important new openings on our professional staff for graduate engi-

neers and scientists with experience in the following or related fields:

MATERIALS & PROCESSES • AERODYNAMICS • AEROPHYSICS • THERMO-
DYNAMICS • ELECTRICAL DESIGN • COMMUNICATIONS • TELEMETRY •

DATA PROCESSING • SYSTEMS • SYSTEMS TEST • FIELD TEST . VIBRA-

TION • INSTRUMENTATION • CONTROLS • ARMING AND FUZING • INERTIAL

GUIDANCE • GROUND SUPPORT EQUIPMENT DESIGN

Investigate your job opportunities with this growing department. Send

your resume in confidence— no need to mention your present employer.

Mr. John Watt • Room 540-2 gjg|

MISSILE & ORDNANCE SYSTEMS ' DEPARTMENT

GENERAL® ELECTRIC

3198 Chestnut Street, Philadelphia 4, Pa.

May. 1958 Circle No. 168 on Subscriber Service Card. 247
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SUBSCRIBER SERVICE

missiles and rockets

For additional information about any product or service advertised

ir mentioned in the editorial pages of this issue of Missiles and

lockets:

Use the attached prepaid reply cards. Circle numbers shown on

he reply card that correspond with numbers appearing beneath items

lescribed. If no circle number accompanies the article or advertise-

nent, give page number (and advertiser's name) on line provided at

lottom of the card.

Your requests for information will be forwarded promptly to the

ompanies concerned.

NEW PRODUCT BRIEFS
rOMATIC TURRET. New two-posi-

i automatic turret, with hydraulic

latlon, designed to accommodate
l"xM/j" tools features turret index

180° to a positive stop in either

iction. Operation Is entirely auto-

ic; control being supplied during

ihining by the multicycle program-
mechanism of the Mona-Matic

e for which the unit is specifically

ineered. Accuracy is claimed to be
xeelled for an automatic turret unit

his type. Monarch Machine Tool Co.

la No. 270 on Subscriber Service Card.

.VO COMPONENT. Packaged unit

sisting of an integral combination of

two-phase instrument servomotor,

r reduction, slip clutch and preci-

potentiometer. Unit offers preci-

servo performance in a modular
struction. The Diehl Servopot is

med to eliminate present burden of

inting, testing and aligning separate

s. Has wide application in balanc-

positioning and computing servo-

:hanisms. Addition of an integrally

inted Diehl a.c. tachometer with a

4 linearity makes the Servopot a

Iplete integrating servo. Diehl Mfg.

e No. 271 on Subscriber Service Card.

|ATED RATE GYRO. Subminiature
}ed rate gyro with high resistance

hock and vibration, and having uni-

i damping over the entire operating

le withstands 100 g's of shock and
g's at 2000 cps vibration in any

i for even the lowest available rates.

|zes Jewelled bearings and a pivot

|

supporting medium for the gimbal.
i torsion bar used as a restraining

^ce is not required to absorb shock

vibration. Fairchild Controls Corp.
dponents Division.

ris No. 272 on Subscriber Service Card.

< BORER MICROSCOPE. This in-

nent has been specially designed
I locating microscope in jig borers

I similar precision machine tools,

[ically it combines at 25x total mag-
it ation a fairly large field with suffi-

I' power of observation. The eye-

contains a hairline cross and is

J .table for individual focusing. Stand-
Mshanks are VY' straight, No. 2 and
H 3 Morse Taper. A flexible spot
uinator is available for independence
W shop lighting conditions. Micro-
103 is of Leitz-Wetzlar (West Ger-
M make and is being introduced by
pi-Metric Tools, Inc.

W No. 278 on Subscriber Service Card.

DROP TEST MACHINE. Model 30K,
which provides shock forces in excess of

77 g's on specimens weighing up to

400 pounds, said to eliminate uncer-

tainty of impact repeatability inherent

in the conventional types and bed
machines. Consists of a piston type plat-

form on which the equipment to be
tested is mounted. Platform is then sub-

jected to a free fall into a cylinder of

air pressure. Provisions are made to

mount an accelerometer to the platform

which supplies acceleration data to a

recording device. The advantages offered

by the Model 30K is "Repeatability"

of acceleration waveforms and simplicity

of operation to obtain shock calibrations.

Aeroflex Corp.
Circle No. 279 on Subscriber Service Card.

HIGH TEMPERATURE BOBBINS. Re-
cently developed high temperature bob-
bin that meets and exceeds military

specifications for Class "H" insulation.

The bobbin has been tested and ap-
proved to withstand temperatures up to

-f-250°C. Specifications include material

thickness from 1/32" to l'/g" round,

square, or rectangular shapes. Available

for %" to M/2" inside diameter coil

sizes and any diameter of flange.

Circle No. 280 on Subscriber Service Card.

POTENTIOMETER. A liquid-filled poten-

tiometer with all moving parts sealed

in a bath of oil said to be one solution

for degradation and performance prob-

lems experienced with precision poten-
tiometers. Significant advantages claimed
over conventional models include as

many as 20-million shaft revolutions,

greatly reduce noise, increased dielectric

strength, prolonged shelf-life, greater

heat dissipation and operation under
water. Helipot Corp.
Circle No. 281 on Subscriber Service Card.

TITANIUM FORMING LUBRICANT. A
titanium forming lubricant, known as

T-50, has been developed by EverLube
Corp. T-50 is said to solve titanium

forming problems by reducing galling

and permits lower die temperatures. The
material can be sprayed or brushed, and
air dried. After forming, T-50 is easily

removed with solvent.

Circle No. 282 on Subscriber Service Card.

PORTABLE POWER SOURCE. Used to

furnish preflight power for guided mis-

siles and missile checkout trailers. The
400-cycle motor generator is synchronous
motor driven and operates at 1200 RPM.
Kato Engineering Co.

Circle No. 283 on Subscriber Service Card.
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MISSILE LITERATURE

DISCONNECT COUPLINGS. Catalog
describing special quick connect/quick

disconnect couplings for guided missile

and aircraft use, and other applications.

Most of the special couplings shown
feature remote disconnection which can

be by either solenoid or lanyard action,

but emergency manual disconnect can

also be provided. Designed with large,

smooth ID passages to handle gases,

hydraulic fuels, oxidizers, jet and turbine

aircraft fuels and synthetic oils, valves

on both couplers and nipples shut off

with no leakage when disconnected.

Snap-Tite, Inc.

Circle No. 203 on Subscriber Service Card.

METHANOL Brochure on methanol, de-

scribing its varied applications, physical

properties, and specifications. The bro-

chure also provides information on han-

dling, storage, health hazards and pre-

cautions and includes a chart showing

the properties of water-methanol solu-

tions. Reichhold Chemicals, Inc.

Circle No. 204 on Subscriber Service Card.

TRANSDUCERS AND CARRIER SYS-
TEMS. Carrier systems, including the re-

markable new 9-oz. Instrument Trans-

lator; systems for indicating and record-

ing torque, pressure; and transducers

for high-precision measurement of linear

displacement, rotation, force, flow, velo-

city and liquid level are described in

new short form catalog. Crescent Engi-

neering & Research Co.
Circle No. 205 on Subscriber Serlvce Card.

INVESTMENT CASTINGS. Eight-page

brochure featuring information on de-

signing for investment castings. Design

information covers such factors as fillets,

holes, threads, wall thicknesses and toler-

ances.

One section is devoted to a dis-

cussion of ferrous and non-ferrous alloys

which can be used for investment east-

ings.

The literature is illustrated with

photographs of nearly 100 investment

east parts.

Circle No. 206 on Subscriber Service Card.

MAIL-ORDER ELECTRONICS. A new
catalog listing more than 200 com-
ponents most frequently used in control

equipment has been released. The
catalog enables engineers to use a

"Sears Roebuck" approach to purchas-

ing electronic and electromechinical

components. Servomechanisms, Inc.

Circle No. 210 on Subscriber Service Card.

TITANIUM LAB REPORTS. Three reports

of research by the Battelle Memorial
Institute's Titanium Metallurgical Labora-

tory under the titanium development
program of the Department of Defense

have just been released to industry

through the Office of Technical Services,

U.S. Department of Commerce. Another
Battelle report which reviews the in-

dustrial status of high-strength aircraft

steels also is available. Dept. of Com-
merce.

Circle No. 214 on Subscriber Service Card.

ALUMINUM ALLOYS. Three reports of
Armed Forces research on aluminum
alloys, one of which compares the

efficiencies of vacuum and nitrogen de-
gassing techniques to eliminate porosity,

have just been released for industry use

through the Office of Technical Services,

U.S. Department of Commerce.
Circle No. 213 on Subscriber Service Card.

STRAIN GAGE MEASUREMENTS. Foui

page technical brochure "The Resistanc

Bridge Indicator and Its Applications

suggests many applications of this in

strument which can be calibrated t

indicate directly in microinches of strair

psi, pounds, ft. pounds, etc., dependim
upon the type of strain gage type tram

ducer being used. Included is a simpli

fied schematic diagram to show how th

"shunting effect" across the transduce

bridge is always the same regardless o

the position of the follow-up poter

tiometer in the dual-potentiometer cii

cuit. Another schematic illustrates ho<

millivolt signals may be measured. Th

text discusses how this instrument, whs
supplied with an analog to digital shat

convertor, becomes the heart of a multi

channel automatic digital recording syi

tern. Datran Electronics.

Circle No. 200 on Subscriber Service Can

CATALOGS OF TECHNICAL REPORTS
Four CTR's have been published b

OTS. The CTR's list all research report

available from the OTS collection in th

fields of rectifiers, propellants, photo

grammetry, and paper and allied prod

ucts. Many of the reports listed in tit

catalogs are the result of research con

ducted for the Army, Navy, Air Forci

and other agencies of the U.S. Govern

ment. Others are German document

captured by the Allies during Won
War II. All reports listed are for sal

to the public, some in printed forr

from OTS and others in microfilm e

photocopy from the Library of Cor

gress. Department of Commerce.
Circle No. 201 on Subscriber Service Con

PARTS REFERENCE BOOK. A new 2!

page illustrated engineering referene

book on molded, extruded and die-ci

parts. The book lists all types, dimension

and durometers of grommets, bumper,

bushings, suction cups, caps, cylindti

spring stock, packings, rods, roller

sleeves, crutch tips, washers, extrude

parts, laboratory stoppers, gaskets an

miscellaneous parts. It also lists extrt

sions and die cut material meeting gov

ernment specifications. Miller Product

Co.
Circle No. 202 on Subscriber Service Co

SUBMINIATURE RELAYS. Over 325 sulj

miniature relays are described in th'

booklet just issued. The brochure coi

tains photographs, diagrams, relay di

scriptions, contact and vibration ratine

and other data. Radio Corporation (

America.

Circle No. 211 on Subscriber Service Con!

COBALT REFERENCE LISTS. Three ne

reference lists, "Aluminum-Cobalt Alloys,

"Cobalt in Cast Iron," and "Cobalt i

Stainless Steel" are now available.

"Aluminum-Cobalt Alloys" eontai

references to literature published 0;

cobalt in aluminum alloys from 1908 t

mid- 1 957. This four-page bibliograpn

also lists United States and foreig

patents from 1897.

"Cobalt in Cast Iron" is a one-p«9

list of literature references and paten'

from 1930 to 1956.

"Cobalt in Stainless Steel" eontaii|

one page of references to literature ant

patents from 1941 to 1957. Included ai[

heat-resistant and high-creep-strengl^

austenitic steels and alloys. Cobalt

formation Center, Battelle Institute.

Circle No. 208 on Subscriber Service Cor



OWER FOR MISSILE & AIRCRAFT HYDRAULIC SYSTEMS

Eastern Aviation Hydraulic Pumps set new standards for performance, yet are
the smallest, most lightweight ever made.

By meeting customer requirements and government specifications with precise

detail, Eastern Pumps give reliable long-term service.

Hundreds of models, close-coupled to electric motors with speeds to 24,000
RPM, can be furnished for your special systems. You gain the advantage of
economical mass-produced components custom-engineered into whatever
configuration is needed. Performance is from .015 to 1.5 GPM, to 3000 PSIG,
with theoretical displacements from .0021 to .0419 cubic inches per revolution.

A variety of bearing combinations handle different types of fluid and
operating pressures.

Missile and aircraft system engineers have discovered Eastern Pumps do the same
job as units that use greater space and weigh far more. Applications have
included circulating coolant in bomber guidance system, providing hydraulic
power for ground control of jet, charging accumulator in an in-flight refueling

system, furnishing an APU system with power to a missile, and countless others.

For your next project, contact Eastern for creative engineering help that really helps.

Write lor NEW Aviation Bulletin 350 describing ,

the above units and larger-capacity pumps.

EASTERN INDUSTRIES, INCORPORATED
100 Skiff Street Hamden 14, Conn. West Coast Office: 1608 Centlnela Avenue * Inglewood 3, California
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THE SOLID APPROACH TO PROPULSION

Grand Central Rocket Co. is engaged exclusively in the research,

development, and production of solid propellant power.

Its management and personnel are dedicated to advancing the

state-of-the-art of this efficient power source.

Grand Central's solid propellant rockets assure:

SIMPLICITY • The solid propellant rocket engine is

the simplest propulsion device yet con-

ceived by man.

RELIABILITY • Simplicity of design and produc-

tion know-how guarantee maximum
reliability.

READINESS • Reduced launching time, minimum
ground support, and ease of handling

insure instant readiness.

ECONOMY • The product of Simplicity, Reliability,

and Readiness is low cost propulsion.

Functioning as a team in completely modern facilities, Grand Central

Rocket Co. has been successful in producing solid propellant

rocket engines employed in well-known projects conducted by

military, scientific, and industrial agencies.

W'e will be happy to work with you on your propulsion programs

® Grand Central

REDLANDS, CALIFORNIA

ENGINEERS AND SCIENTISTS: Employment inquiries are invited.

Write Personnel Manager, Box 111, Redlands, California.




